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Provided is a cross connection system for time-division multiplexed signals, upon detection of deterioration 
in quality, performs line setting to easily switch to a line having another directional orientation. The cross 
connection system receives an SDH interface signal, separates a virtual container line signal that is 
multiplexed into the SDH interface signal and connects the virtual container line to one of a number of 
output terminals, and is constituted by a signal receiver for receiving a primary signal, for detecting alarm 
information contained in the primary signal that is received, and for performing conversion of the primary 
signal in consonance with an occasion when the alarm information is detected, a signal synchronizer for, 
upon receipt of the primary signal and the alarm signal from the signal receiver, switching phases for the 
primary signal and the alarm Information by using a first clock and for outputting the results, and a TSI 
function section for exchanging the primary signals received from the signal synchronizer for Individual time 
slots of the primary signals. 
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Cross connection system for time-division multiplexed signal 

The EPO does not accept any responsibility for tine accuracy of data and information originating from other authorities 
than the EPO; in particular, the EPO does not guarantee that they are complete, up-to-date or fit for specific purposes. 

Description not available for ON 1177246 (A) 
Description of corresponding document: US 6034947 (A) 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to a cross connection (line setting) system for time-division multiplexed signals, and in 
particular to a cross connection system that includes a path switch in the exchange system for exchanging time-division 
multiplexed signals provided for an SDH (Synchronous Digital Hierarchy) network. 

2. Related Arts 

The SDH technique is an internationally standardized m ultiplex method that can be efficiently applied for telephone 
services and other services in transmission text data and picture image data. 

In consonance with the progress that has been made in techniques concerning cross connection (line setting) 
apparatuses, a system where transmission lines for an entire network can be freely changed and improvements in the 
reliability of the transmission lines are demanded for recent transmission apparatuses. 

Referring to FIG. 34, the connection setting for line signals VC-n can be freely changed by making a setup change. FIG. 
34 shows the concept of a cross connection (line setting) apparatus that has the center role in an exchange system for 
exchanging time-division signals. As is shown in FIG. 34, a plurality of SDH interface frame signals, called STM-n 
(Synchronous Transmission Module Level n), are input. Line signals VC-n, which were multiplexed to obtain the STM-n 
frame signals, are extracted, and output terminals are determined t o which VC-n signals are connected across the 
individual transmission lines. Then, the VC-n signals that have been set as described above are multiplexed again to 
obtain and output STM-n frame signals. 

The STM-n frame signals are multiplexed transmission signals carried on the SDH network, and four different values, 0, 
1, 4 and 16, are defined as the values for n at the synchronous transmission module level, the four values 
corresponding to the synchronous digital hierarchy levels, respectively. STM-1 is a base multiplex unit for the SDH 
network. 

The line signals VC-n correspond to a box, called a virtual container, that is specified to multiplex various items of 
information as byte units. In addition to VC-4 that has a maximum bit rate of 150 Mbps and a retained information 
speed of 138 Mbps, there are VC-11. VC-12. VC-2 and VC3, which respectively have speeds corresponding to those 
for retained information. 

Further, in FIG. 34, the connection setting for the VC-n signals can be freely changed by the alteration of the setup. 

For a line that has only one output direction but has two input connections, as indicated in FIG. 34 by a solid line and a 
broken line, the same signal is passed along different routes from a cross connection apparatus at one location. In this 
case, the solid line indicates an active (ACT) line and the broken line indicates a standby (STB) line, and when 
deterioration of a signal carried on the ACT line is detected, the connection can be automatically changed to the STB 
line. 

On the other hand, a line having outputs in two directions, relative to an input from one direction, is used to output the 
same signal in different directions in order to provide a redundant I ine connection. UNEQ (unequipped) denotes an 
empty time slot to which a line is not inserted. 

As was previously described, to improve a system wherein the lines in a network can be freely changed, and to improve 
the reliability of the lines, an active and standby line redundancy system Is employed for connecting the cross 
connection (line setting) apparatuses A and B, as Is shown in FIG. 35. 

In addition, as is shown in FIG. 36, in a RING application, transmission devices A through D having a limited function of 
line setting, called an Add/Drop multiplex function, are provided with individual line redundancy. 

Since the conventional cross connection (line setting) apparatus employ s the redundancy method performed across the 
multiplex STM-n lines, it can cope with the defect between the lines but can not handle a malfunction at the 
transmission device. Further, as active and standby transmission paths are provided on the same route, when both the 
active and standby transmission paths may be obstacles at the same time, the reliability of the cross connection 
apparatus has become low. 

In the RING application, line redundancy can be applied only for a limited application, and It is difficult to constitute a 
line redundancy in a complicated network employing cross connection (line setting) apparatuses. 

SUMMARY OF THE INVENTION 

It Is, therefore, one object of the present Invention to provide an exchange system for exchanging time-division signal, 
while following wired communication system standards as specified by ITU (International Telecommunication Union) or 
SONET (Synchronous Optical Network), for performing line settings so that when monitoring detects deterioration of 
signal quality on a line, the transmission line can be easily switched to another line having a different directional 
orientation. 

To achieve the above object of the present invention, a time-division signal exchange system, which receives an SDH 
Interface signal, separates a virtual container line signal that Is multiplexed Into the SDH interface signal and connects 
the virtual container line to one of a number of output terminals, comprises: 

a signal receiver for receiving a primary signal, for detecting alarm information contained in the primary signal that is 
received, and for performing conversion of the primary signal in consonance with an occasion when the alarm 
information is detected; 



http://v3 .espacenet.com/publicationDetails/description?CC=CN&NR= 1 1 77246A&KC= A&. . . 5/6/20 1 0 



espacenet — Description 



Page 2 of 9 



a signal synchro nizer for, upon receipt of the primary signal and the alarm signal from the signal receiver, switching 
phases for the primary signal and the alarm information by using a first dock and for outputting the results; and 
a TSI function section for exchanging the primary signals received from the signal synchronizer for individual time slots 
of the primary signals. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a functional block diagram Illustrating a line setting apparatus according to the present invention; 
FIG. 2 Is a functional block diagram i llustrating an example arrangement of an input processor; 

FIG. 3 is a functional block diagram illustrating the arrangement of an input processor when an input primary signal z-1 
is a bipolar signal; 

FIG. 4 is a block diagram illustrating an example arrangement of a signal synchronizer; 
FIG. 5 is a block diagram illustrating the arrangement of a TSI function unit; 

FIG. 6 is a diagram show ing an example where a STM-1 signal whose phase Is synchronized is mapped in a form STM 
-1 >AU-4>TUG-3>TUG-2>TU-1 2/TU -2; 

FIGS. 7A-7E are diagrams for explaining the process for reading a primary signal (VC-4 signal) from the memory of the 
signal synchronizer; 

FIG. 8 is a block diagram illustrating an example arrangement for a TSI circuit in the TSI function unit; 

FIG. 9 is a block diagram Illustrating another example arrangement for the TSI circuit in the TSI function unit; 

FIG. 10 Is a block diagram illustrating an additional example arrangement for the TSI circuit in the TSI function unit; 

FIG. 11 is a block diagram illustrating a further example arrangement for the TSI circuit in the TSI function unit; 

FIG. 12 is a diagram for explaining the reading of a primary signal from the TSI circuit; 

F!G. 13 is a block diagram illustrating an example of a control signal generator; 

FIG. 14 are diagrams showing an example where time slots are switched by the TSI circuit; 

FIG. 15 Is a block diagram illustrating an example arrangement of t he control signal generator; 

FIG. 16 is a block diagram illustrating an example arrangement of the control signal generator corresponding to FIG. 9; 
FIG. 17 is a block diagram illustrating another example of the control signal generator; 

FIG. 18 is a diagram illustrating one example of the control signal generator co rresponding to the TSI circuit in FiG. 1 1 ; 
FIG. 19 is a block diagram illustrating an example arrangement of a transmission signal generator; 
FIG. 20 is a block diagram illustrating one user interface; 

FIG. 21 is a block diagram illustrating one embodiment of the present invention for performing cross connection (line 
setting) with STM-4.times.2 lines and STM-1. times. 8 lines as input; 

FIGS. 22A and 22B are diagrams for comparing a TS I circuit In this embodiment in FIG. 21 with the previously 
described TSI circuit; 

FIG. 23 Is a block diagram illustrating example arrangements of line setting circuits in the embodiment in FIG. 21; 
FIG. 24 is a time chart (1) for individual signals for the embodiment shown in FIG. 21; 
FIG. 25 is a time chart (2) for the individual signals for the embodiment shown in FIG. 21; 

FIG. 26 is a diagram illustrating another embodiment for cross connection of STM-4.times.2 lines and STM-1. times.8 
lines; 

FIG. 27 is a diagram illustrating the arrangement of a line setting circuit used for the embodiment in FIG. 26; 
FIG. 28 is a diagram showing a table for explaining the determinations of a selector; 
FIG. 29 is a time chart (1) for individual signals for the embodiment shown in FIG. 26; 
FIG. 30 is a time chart (2) for the individual signals for the embodiment shown in FIG. 26; 

FIG. 31 is a diagram illustrating an additional embodiment where an Add/Drop multiplexer (MUX) is constituted by the 
line setting circuit shown in FIG. 23 

FIG. 32 is a time chart (1) for individual signals for the embodiment shown in FIG. 31; 
FIG. 33 is a time chart (2) for the individual signals for the embodiment shown in FIG. 31; 

FIG. 34 is a diagram illustrating a conventional cross connection (line setting) apparatus, which serves as the center of 
a time-division exchange system; 

FIG. 35 is a diagram for explaining a current use/spare line redundancy method for the STM-n units; and 

FIG. 36 is a diagram for explaining transmission devices in a ring application that have an Add/Drop multiplex line 
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setting function. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Tine preferred embodiment of the present invention wili now be described wiiile referring to the accompanying drawings. 
The same reference numerals are used to denote corresponding or identical components in the Individual drawings. 

FIG. 1 is a functional block diagram illustrating a line setting apparatus according to the present invention. The 
fundamental functions of the line setting apparatus include: 

1) a function for inputting a transmission signal as primary signal (z-1); 

2) signal synchronization; 

3) a TSl (Time Slot Interchange) function for interchanging time slots; 

4) a function for outputting a primary signal (z-2); and 

5) a user interface function. 

A trunk signal, which is the primary signal, is formed by multiplexing low speed signals as a high speed signal. For 
example, an STM-1 signal having a transmission speed of 155.52 Mbit/s specified by ITU is formed by multiplexing TU- 
12 signals having transmission speed of 2.304 Mbit/s for the equivalent of 63 channels. 

The TSl processing by a TSl unit 3 is performed to change the constitution of low-speed signals that are multiplexed to 
obtain a high-speed signal, or to replace a high-speed signal with another high-speed signal. One of the features of the 
cross connection (line setting) apparatus according to the present invention provides such a TSl function. 

The individual functions of the blocks shown in FIG. 1 will be further explained. First, an input processor 1 receives a 
primary signal z-1 for example, a STM-1 optical signal, detects ALM data, and outputs an alarm (ALM) data signal s-3 
to a signal synchronizer 2 across a microcomputer bus s-9. In consonance with an occasion where an ALM has 
occurred, the input processor 1 converts the primary signal z-1 into an AIS signal and outputs it as a primary signal s-1. 
The signal s-2, which is also output from the input processor 1, is a clock signal. 

The signal synchro nizer 2 obtains the phases for the pri s-1 and the ALM data signal s-3 from the signal input processor 
1, and exchanges them with those for a clock signal s-6, which is obtained from the TSl unit 3. and outputs the results 
as signals s-4 and s-5. 

The signal synchronizer 2 outputs these signals while aligning the positions of the first bytes of the signals with 
individual lines called vc (virtual containers). In general, the signal synchronizer 2 also serves as elastic m emory and 
absorbs changes in frequencies that occur between the signal input processor 1 and the TSl unit 3. 

The TSl unit 3 replaces the primary signal s-4 from the signal synchronizer 2 in each time slot, and outputs the result as 
a signal s-7 in a different sequential order. At this time, based on the ALM data signal s-5 and in consonance with the 
occurrence of the ALM, the contents of the signal s-7 are changed. 

At the same time, a clock s-8 is output, which has the same phase as a timing pulse indicating the head of the signal s- 
7. 

An output processor 4 receives the primary signal s-7 and the clock signal s-8, and converts them into an optical signal 
z-2 that it outputs. Overhead data from a user interface 6 is fetched across a bus interface s-9, and inserted into the 
primary signal s-7. 

The detailed anrangement of the Individual functional blocks will now be described. 
1) Input processor 1 for Inputting a transmission signal as a primary signal z-1: 

In order to process a received primary signal z-1, the position of the head of the signal must be determined. First, 
decoding for example, descrambling of the primary signal z-1 is performed to determine the head position of t he 
primary signal z-1 . 

The primary signal z-1 includes a special signal indicating the head position e.g., a fixed bit pattern A1 byte, for 
obtaining frame synchr onization, to be inserted into the overhead section of the signal STM-4. This special signal is 
used to perform synchronization. 

The synchronizer 12 performs this synchronization, and is constituted by a counter having a frame cycle and a pattern 
detector. The positions of various overhead signals and the position of a low-speed signal, which exist in the primary 
signal z-1, can be specified by the counter. Therefore, the process for extracting individual low-speed signals can be 
enabled as needed. This process is called demulti plication (DMUX). 

The individual overhead data that have been extracted are transferred to an overhead data processor 13. which 
calculates the data e.g., the counting of the performances of B1, B2 and B3 bytes. The detected ALM is transferred to 
an ALM processor 11. 

The ALM processor 1 1 collects various signals that are detected by a signal receiver 10, and processes them in the 
order of their priorities and for example, the ALM processor 11 inhibits synchronous detection of signals when the 
absence of signals is detected. 

As the result of these processes, an ALM data signal a -6 and overhead data signal a-7 are transmitted to the user 
interface 5 via a bus interface circuit 14. 

Sometimes, because of the occurring of an ALM. it is necessary for the primary signal z-1 to be processed to produce a 
special signal. An AIS process which is performed when reception of an optical signal Is halted, is an example process. 
This process is performed by a signal converter 15. In the AiS process, a signal is masked and is set to "1" in 
accordance with the occurrence of the ALM. 

FIG. 2 is a functional block diagram i llustrating the input processor 1. When a received primary signal z-1 is an optical 
signal, it must be converted into an electric signal. An optical to electrical signal converter 10 performs the conversion of 
the optical signal to an electrical signal, and the thus produced electrical signal is then output as signal a-1. A clock 
signal s-2 is also extracted. 
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FiG 3 is a diagram I llustrating an example arrangement where the received primary signal z-1 is a bipolar signal. In this 
arrangement, a bipolar signal converter 10 Is provided instead of the optical to electrical signal converter 10. 

The bipolar signal conv erter 10 receives an electrical signal z -1-b, which has a bipolar form that is specified by ITU or 
SONET, and extracts a data element a-1 having a NRZ form and a clock element signal (CLK) s-2 from the electrical 
signal. 

The optical to electrical signal converter 10 In FIG. 2 receives an optical transmission signal z-1 having a form specified 
by ITU or SONET and extracts a data element a-1 having a NRZ form and a clock element signal (CLK) s-2 from the 
optical signal. In addition, the converter 10 detects an ALM data signal a-3 e.g., reception signal level, which indicates 
there is an abnormality in the received signal, and notifies the ALM processor 11. 

Similarly, in FIG. 3, an alarm data signal (ALM) a-3, which indicates that either the input optical signal or the input 
bipolar signal has a predetermined level or higher, is transferred to an ALM detector 11. 

A synchronizer 12 fetches the data element signal a-1 from the optical signal to electrical signal conv erter 10 or the 
bipolar converter 10, and extracts a signal a-2 and an a-5 of a low-order group, which is multiplexed in a high-order 
group. The signal a-2 is transferred to a signal converter 15, and the overhead data signal a-5 is transferred to an 
overhead data processor 13. 

Upon its receipt, the data signal a~5 is processed by the overhead processor 13, i.e., performance data is calculated 
using B1 byte (Byte) data. Of this data, the ALM data is output as a signal a-4, and the other data is output as a signal a 
-7. In the arrangement in FIG. 3, the ALM data signal a-4 is transferred directly from the synchronizer 12. 

Upon receipt of the signals a-3 and a-4, the ALM processor 1 1 performs sequential priority order processing of them 
and outputs a control signal a-8. which serves as a signal conversion trigger for the signal converter 15, and an ALM 
data signal s-3. 

in response to the control signal a-8, the signal converter 15 converts the primary signal a-2 received from the 
synchronizer 12 into another signal, such as an AIS signal, which is in turn output as a signal s-1. 

A bus Interface circuit 14 fetches the signals a-6 and a-7 from the ALM processor 1 1 and the overhead data processor 
13, and converts them into bus data signal s-9, which is then output. 

2) Signal synchronizer 2 

In accordance with clock signal s-6 from the TSI unit 3, the signal synchronizer 2 changes the phases of the primary 
signal s-1 and the ALM data signal s-3, which have been transferred from the input processor 1 , and outputs the results 
as signals s-4 and s-5. As is shown in FIG. 4, the signal synchronizer 2 is constituted by a memory circuit 20, a signal 
form converter 21. a memory write circuit 22 and a memory reading circuit 23. 

The memory circuit 20, a device for temporarily storing a signal i n a matrix form, writes the primary signal s-1 and the 
ALM data signal s-3. which are received from the input processor 1, in synchronization with a write clock signal b-1 from 
the memory write circuit 22. 

In addition in accordance with a read clock signal b-2 from the memory read circuit 23, the memory circuit 20 also 
reads all the stored data, or the data signal (DATA) b-3 in the VC portion and an asso ciated ALM data signal b-4. 

If the data signal (DATA ) b-3 read from the memory circuit 20 carries all the contents related to the signal s-1 , the 
signals b-3 and b-4 converted from serial to parallel to obtain a form that can easily be handled by the signal form 
converter 21. 

When the read out data (DATA) signal b-3 is a VC, the signal form converter 21 inserts a fixed stuff signal or an 
overhead signal therein to align the positions of the head bytes for individual channel signals, and outputs the resultant 
signal as signal s-4. 

The timing for the ALM data signal b-4 is adjusted so t hat its phase matches that of the primary signal s-4, and the 
adjusted ALM data signal b-4 is output as ALM signal s-5. 

3) TSI unit 3: 

One example arrangement of the TSI unit 3 Is shown in FIG. 5. The TSI unit 3 comprises a TSI circuit 30, a control 
signal generator 31 a bus interface circuit 32, and an UNEQUIPPED signal generator 33. The TSI circuit 30 stores a 
received primary signal s-4 in a memory (not shown in FiG. 5) that is a part of the TSI circuit 30. The control signal i s 
read out as a primary signal s-7 in consonance with a control signal c-1 from the control signal generator 31. 

At this time, TSI (Time Slot Interchange) is peri^ormed by reading signals in a sequential order that differs from the order 
in which they were input. 

The UNEQUIPPED signal generator 33 generates and outputs an UNEQUIPPED signal, so that the UNEQUIPPED 
signal is also subject to the TSI processing. 

To perform the TSI processing, the head positions, at individual levels, of the primary signal s-4. which is input to the 
TSI unit 3 are determined. First. J1 byte in a virtual container VC -4 having a bit rate of 150.336 Mb/s is set. 

FIG. 6 shows a STM-1 signal having a synchronized phase, the signal being mapped in the form STM-1>AU-4>TUG- 
3>TUG-2>TU-12/TU-2. 

*1 in FIG 6 indicates the mapping position for the overhead of the STM-1 . the first byte being define d as an A1 byte. As 
a result, the pointer byte of TU-3 and VI byte of TU-2/Tu-12 are positioned at the first row. and the signals for all the 
hierarchial levels are neatly arranged. 

To achieve this arrangement, the VC-4 signal is extracted from the STM-1 signal and is stored in the memory. Re- 
mapping is performed for this signal at a predetermined timing at which the mapping having the above form is available. 
This process takes place in the signal synchronizer 2. 
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The reading out of a primary signal (VC-4 signal) from tlie memory 20 of the signal synchronizer 2 is correlated with a 
predetermined timing signal s-6, which Is required by the TSI unit 3. Then, the mapping is performed In the signal form 
as shown in FIG. 6. 

This processing is shown in FIG. 7. A STM-1 signal Is again stored in the memory of the TSI circuit 30 to perform the 
TSi process. The STM-1 signal is developed in advance into parallel signals to facilitate Its writing to the memory. 

Since in the STM-1 signal one byte is the minimum signal unit carrying the meaning, accordingly, the signal is 
developed into eight parallel signals. This process is performed by the memory reading circuit 23 of the signal 
synchronizer 2. 

To switch the buses, an ALM signal is provided in consonance with the number of by tes. For example, one ALM signal 
is provided for eight primary signals. 

The TSI circuit 30 of the TSI unit 3 is generally constituted as is shown in FIG. 8, or in FIG. 9 to FIG. 1 1 . The 
arrangement shown in FIG. 8 is employed to perform general processing for a primary signal upon receipt of an input 
signal s-4. The arrangements in FIGS. 9 through 11 are used to divide a primary signal and to store the divided signals 
in several memories for processing. 

in FIG. 8, the TSI circuit 30 is constituted by two memories 300 and 301 and a signal selector 302. A primary signal s-4 
is stored in the two memories 300 and 301 , and in accordance with a control signal c-1 from the signal selector 302. it is 
output as a control signal s-7 In a sequential order that differs from the order in which it was written. 

The memories 300 and 301 have sufficient memory capacity to store all of the primary signals and the ALM data 
received during a cycle T. and are accessible by the control signal c-1. 

The primary signal s-4 that is transmitted to the TSI unit 3 is alternately written to the memories 300 and 301. The 
alternate writing is performed to enable random reading. The data must be read after all of it has been stored in the 
memories 300 and 301. so that the memories 300 and 301 can act as memories for which reading and writing are 
constantly performed relative to primary signals that are endlessly received. 

More specifically, in consonance with the control signal c-1 , the TSI circuit 30 alternately fetches the primary signal s-4 
and reads the primary signal s-4 in a changed sequential order in the cycle of 13.89 .mu.s, for example, as Is shown m 
FIG. 12. In response to the control signal c-1, the signal selector 302 selects one of signals c1-1.1 and cl-1.2 that are 
read from the memories 300 and 301, which are prepared for reading, and outputs the selected signal as a primary 
signal s-7. 

When the selection of the UNEQUIPPED signal is Instructed in accordance with the signal c-1, an UNEQUIPPED signal 
c-4 Is selected. 

Another arrangement of the TSI circuit 30 shown in FIG. 9 is constituted by 2n memory sets 300-1 through n and 301-1 
through n, n signal selectors 302-1 through n, and one signal selector 303. 

In an additional an^ngement shown in FIG. 10, the TSI circuit 30 has the structure in FIG. 8 for each of primary signals 
s-4.1 through s-4.n. In addition, a second signal selector 303 and a series/parallel converter 304 are prov ided. 

For an arrangement shown in FIG. 1 1, a third signal selector 305 is provided to select a primary signal. 

In the an^ngement for the TSI circuit 30 in FIG. 11 , and in addition to the arrangements for the TSI circuit 30 in FIG. 9. 
a serial/parallel converting circuit 304 is provided at the rear stage of the signal selector 303, and the signal selector 
305 Is provided behind the serial/parallel converting circuit 304 to switch paths in accordance with a control signal c2-7. 
The signal selector 305 analyzes the received signals to obtain several primary signals s-7.1 through s-7.m, which are 
then output. 

With the arrangements for the TSi circuit 30 in Figs. 9 through 11, whereby a primary signal is stored In several 
memories, when the amount of read address data stored in the memory 313 in the control signal generator 31 is 
increased, and the speed of the read control signal c-1 is accordingly increased, the number of the primary signals s-7 
relative to the TSI circuit 30 is also increased. 

In FIGS. 9 through 11, the structures of the individual memory sets 300-1 through 300-n and 301-1 through 301 -n are 
the same as those of the memories 300 and 301 in FIG. 8. These memory sets have sufficient memory capacity to 
store all of the primary signals s-4.n (n through n) and the ALM data received during the cycle T, and can be accessible 
in accordance with the control signals c-1.n. 

The primary signals s-4.n (n=1 through n) are fetched. And the primary signals c1 -1.1.1 to cl-l.l.n and c1 -1.2.1 toc1- 
12 n are alternately read out. in the sequential order that differs from that in which they were received, in accordance 
with the control signal c-l.n (c-1 Includes GLK signal c-lclk. and ACM data signals c-1.acm1, c-1.acm2 and c-1.sel from 
the control signal generator, as will be described later). 

When the selection of an UNEQUIPPED signal is instructed by the control signal c-1, an UNEQUIPPED signal c-4 is 
selected. 

The signal selectors 302-1 through 302 -n receive primary signals c1 -1.1.1 through c1-1.1.n and c1 -1.2.1 through c1- 
1.2.n from the memory sets 300-1 through 300 -n and 301-1 through 301 -n. and select the signals that are ready to be 
read in accordance with the control signal c-1 .sel from the control signal generator 31 (see FIG. 5). 

The signal selector 303 selects a signal from the primary signals c1 -2.1 though c1-2.n, from the signal selectors 302-1 
through 302 -n, in accordance with the control signal c-1.sel2 received from the control signal generator 31. which will 
be described later. The selected signal is output as a primary signal s-7. 

The control signal genera tor 31 of the TSI unit 3 outputs master clock signals s-6.clk, c-1 .elk and s-8.clk, which concern 
the exchange of time slots (signal exchange), and control signals c-1 (c-1. sel, c-l.acml and c-1.acm2), which are used 
to control the TSI circuit 30. 

The control signal genera tor 31 has the arrangement shown in FIG. 13, as an example, and is used together with the 
TSI circuit 30 in FIG. 8. This control signal generator 31, which has no path switching function, comprises a clock (GLK) 
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oscillator 310, a pulse generator 311, a control selector 312. a memory 313 and a memory controller 314. 

The clock (CLK) oscillator 310 generates master clock signals s-6.clk, c-1.clk and c2-1 concerning the exchange of time 
slots (exchange of signals). The pulse generator 31 1 gener ates various timing pulse signals s-6.tp and s-8.tp, which are 
required for the TSI process, and a control signal c -1 .sel. which is relative to the TSI circuit 30. 

A data signal c2-4, which is a read addres s signal for the memories 300 and 301 of the TSf circuit 30, is transferred to 
and stored In the memory 313 by the memory controller 314. This signal is periodically output as a control signal c2-6 in 
accordance with a control signal c2 -2 from the pulse generator 311. 

The memory controller 314 fetch es TSI setting data signal c-3 from the bus interface circuit 32 (see FIG. 5). and writes 
it into the memory 313. The memory controller 314 also outputs data signal c-2, for confirmation of a setting signal, to 
the bus interface circuit 32. and for confirmation, reads address data from the memory 313. 

The control signal selector 312 selects either a write address signal c2-2 from pulse generator 311 or a read address 
signal c2-6 from the memory 313. 

The write address signal c2-2, which Is a count-up signal, is an address signal for sequentially writing to the memory 
313. In synchronism with the repeated reading and writing relative to the memory 313, the write address signal c2-2 
and the TSI control signal c2 -6 are alternately selected by the control signal selec tor 312, and are output as control 
signals c-1.acm1 andc-1.acm2. 

The cycle for reading/writing the memory 313 is a time period (125/9 .mu.s) required for one row. Since the STM-1 
signal has the same signal arrangement for each row, as is shown In FIG. 6, only data for one row need be fetched to 
adequately perform TSI. 

When the signal format is restricted, data for even 1/4 row enables the TSI process. Once the data has been stored in 
the memory they can be read at random while being output. This property is employed to implement the TSI function. 
As is shown in FIG. 14. for example, by comparing the memory input time with the memory output time, columns 100 
and 101 are exchanged 

When a plurality of memories 313 are provided, they can be selected by a selector. Also, available for switching paths 
there are a m ethod for selecting a memory control signal according to ALM data and a method for selecting a primary 
signal after the TSI. 

According to the method for selecting the memory control signal, data for signals to be selected when an A LM occurs 
are stored in advance In memories 313-1 and 313-2. as is shown in an example arrangement for the control signal 
generator 31 in FIG. 15. 

In addition, a signal discriminator 316 and a second control signal selec tor 315 are provided to select one of the outputs 
of the memories 313-1 and 313-2 in consonance with the situation during which the ALM has occurred. Since a control 
signal is changed in consonance with the situation during which the ALM has occurred, a primary signal is accordingly 
altered. 

The example of the control signal generator 31 in FIG. 15 corresponds to the TSI circuit 30 in FIG. 8, but has a path 
switching function. The control signal generator 31 comprises a CLK oscillator 310, a pulse generator 311 . a control 
signal selector 312, memories 313-1 and 313-2, a memory controller 314 and a signal discriminator 316. 

The control signal genera tor 31 generates master clock signals (CLKS) s-6.clk, c-l.clk and s-8.c!k concerning cross 
connections (signal exchanges). Further, the control signal generator 31 outputs timing pulse signals s-6.tp and s-8.tp 
for controlling the block timing, and control signals c-1 (c-1.sel, c-1.acm1 and c-1.acm2) for controlling the TSi circuit 
30. 

The difference between this arrangement and the arrangement for the control signal generator 31 in FIG. 13 is that an 
ALM data signal s-5 is received, and in accordance with this, the contents of the control signals c-l.acml and c-1.acm2 
for controlling the memories 300 and 301 of the TSI circuit 30 are changed. 

Moreover, in FIG. 15, in addition with the arrangement of the TSI circuit 30 in FIG. 8, data signals c2-4.1 and c2-4.2. 
which serve as read address signals for the memories 300 and 301, are transferred to and stored in the memories 313- 
1 and 313-2 by the memory controller 314. These signals are periodically output in accordance with the control signal 
c2-2 from the pulse generator 31 1. 

In FIG. 15, as the number of the memories corresponding to those in the TSI circuit 30 is increased, signals output from 
the memory controller 314 are Increased to c2-4.1 and c2-4.2, and input signals are increased to c2-5.1 and c2-5.2. 

The signal discriminator 316 outputs a selection signal for selecting one of the memories 313-1 and 313-2 based on a 
line ALM signal s-5 from the signal synchronizer 2. The control signal selector 312 selects one of the read address 
signals output from the memories 313-1 and 313-2 In consonance with the control signal c2-7 from the signal 
discriminator 316. 

According to the arrangement in FiG. 15, the control signal selector 312 selects the write address signal c2-2 output 
from the pulse generator 311 and the signal c2-6.c output from the selector 315. 

In FIG. 16 is shown a control signal genera tor 31 corresponding to FIG. 9. This control signal generator 31 does not 
have the path switching function, and includes a CLK oscillator 310, a pulse generator 31 1, a control signal selector 
312, a memory 313 and a memory controller 314. 

The control signal genera tor 31 in FIG. 16 generates master clock signals (CLKS) s-6.clk, c-l.clk and s-8.clk 
concerning the exchange of the time slots (signal exchange). The control signal gener ator 31 also outputs timing pulse 
signals s-6.tp and s-8.tp for controlling the timing for blocks, and also control signals c-1 (c-1 .sel, c-l.acml, c-1.acm2 
and c-1.sel2) for controlling the TSI circuit 30. 

A data signal c2-4, which serves as a read address signal for the memories 300 and 301, is transferred and stored in 
the memory 31 3 by the memory controller 314, and is periodically output as a control signal c2 -6 in consonance with a 
control signal c2-2 from the pulse generator 31 1 . When this signal is used by the TSI circuit 30 In FIG. 9, the signal c- 
1.sel2 for controlling the signal selector 303 of the TSI circuit 30 is also output. 
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A control signal generator 31 having the arrangement in FIG. 17 corresponds to the TSI circuit 30 in FIG. 9. but has the 
path switching function. The control signal generator 31 in FIG. 17 includes a CLK oscillator 310, a pulse generator 311, 
a control signal selector 316, memories 313-1 and 313-2. a memory controller 314. a signal discriminator 315 and a 
control signal selector 312. 

The control signal genera tor 31 in FIG. 17 generates clock signals (CLKS) s-6.clk, c-l.clk and s-8.clk, which are master 
clocks related to signal exchange, also outputs timing pulse signals s-6.tp and s-8.tp for controlling the timings of 
blocks. 

The control signal genera tor 31 also outputs control signals c-1 (c-1.sel. c-l.acml. c-1.acm2 and c-1.sel2) for 
controlling the TSI circuit 30. 

The difference between this generator and the control signal generator 31 in FIG. 16 is that an ALM data signal s-5 is 
received, and in accordance with this data, the contents of the control signals c-1.acm1, c-1.acm2 and c-1.sel2 for 
controlling the memories 300 and 301 of the TSI circuit 30 are changed. 

In FIG. 18 is shown an example control signal generator that corresponds to the TSI circuit 30 in FIG. 11. In addition to 
the arrangement shown in FIG. 16, a signal discriminator 315 i s provided to receive an ALM data signal s-5 and output 
a control signal c2 -7. 

4) Transmission signal generator 4: 

FIG. 19 is a diagram illustrating an example arrangement for the transmission signal generator 4 (see FIG. 1). The 
transmission signal generator 4 compris es a memory circuit 40, a memory reading circuit 41, an overhead byte 
insertion circuit 42, a signal multiplexer 43, a signal converter 44 and a bus interface circuit 46. 

The transmission signal generator 4 receives a primary signal s-7, a clock signal s-8.clk and a timing pulse signal s-8.tp 
from the TSI unit 3 and converts them into an optical signal z -2. which is then output. 

At this time, the transmission signal generator 4 fetches overhead data from the user interface unit 5 via the bus 
Interface s-9. and inserts it Into the primary signal s-7. 

The memory circuit 40 fetches and stores the primary signal s-7 input by the TSI unit 3. Further, in accordance with a 
read clock signal d-1 from the memory reading circuit 41. the memory circuit 40 outputs the stored data. 

The memory reading circuit 41 receives the clock signal s-8.clk and the timing pulse signal s-8.tp from the TSI unit 3, 
and outputs the read clock signal d-1 for controlling the reading of the memory circuit 40. 

The overhead byte insertion circuit 42 fetches a primary signal d-2 read from the memory circuit 40, and inserts 
overhead data into a predetermined time slot. At this time, the overhead byte insertion circuit 42 also fetches overhead 
data d-3 from the bus interface circuit 45, and inserts it into the predetermined time slot. 

The signal multiplexer 43 performs serial/ parallel conversion of a primary signal d-4 received from the overhead byte 
insertion circuit 42 so as to obtain a suitable signal form for the signal converter 44. At this time, the signal multiplexer 
43 also performs a coding pro cess, such as scrambling. 

The signal converter 44, which has the electrical to optical signal conversion function, converts a primary signal d-5 
from the signal multiplexer 43 into an optical signal z-2 e.g., STI\/I-1 signal, which is output. 

The bus interface circuit 45 is connected to the user interface unit 5 by a bus for the transmission of overhead data 
signal d-3 that is designated by a user for the overhead byte insertion circuit 42. 

Instead of being as an electrical t o optical signal converter, the signal converter 44 can be an output circuit for 
outputting a bipolar signal, which is an electrical signal. 

The signal converter 44, which functions as an output circuit for a bipolar signal, outputs a signal from the signal 
multiplexer 43 as, for example, an electrical signal of 140 Mbps. 

The primary signal output by the TSI unit 3 is transferred to the memory 40 in the signal generator 4. This occurs 
because the primary signal is changed to a clock signal source that differs from that of the CLK oscillator 310 of the TSI 
unit 3 but is synchronized with the CLK oscillator 310. 

At this time, an AU-4 pointer is replaced. Further, the overhead data is inserted into a specific position in the primary 
signal by the overhead byte insertion circuit 42. Also inserted is the data for a client setup, which is received from the 
bus interface circuit 45 that is connected to the user interface unit 5. 

Following this, serial/parallel conversion is performed for the primary signal to acquire the form of a signal that is 
appropriate for the signal converter 44. At this time, coding (scrambling) of the primary signal, disabling of parity, and 
the insertion of a B1 Byte, etc., are also performed. 

Finally, the resultant signal is converted into an optical signal z-2 by the signal converter 44, and the optical signal z-2 is 
output. 

5) User interface function: 

The functions of the user interface unit 5 are the processing of ALM data for a received primary signal, the display of 
performance data and overhead data on a display or a terminal, the calculation by a computation circuit of line data for 
client setup, the transmission of the result to the TSI unit 3 by using a bus signal, and the transmission of the overhead 
data for client setup to the signal generator 4. 

More specifically, the user interface unit 5 performs an intermediate process for transmission the setting performed by a 
user to the signal receiver 1 , the TSI unit 3 or the signal genera tor 4 across the bus s-9, or for displaying the state 
(ALM, etc.) of a received pnmary signal and the overhead data included in that signal. 

An example of the user interface unit 5 is shown in FIG. 20. The user interface unit 5 comprises a bus controller 50, a 
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memory 51, a CPU 52 and an external interface circuit 53. 

The bus controller 50 is connected to tlie signal input processor 1 , the TSI unit 3 or the bus Interface circuit of the signal 
generator 4 across the bus s-9 for the exchange of ALM data and overhead data. 

In the memory 51 are stored line setting data designated by a user, ALM data collected on the overhead or the input 
signal processor 1, and temporary data used by the CPU 52 for computation. 

The CPU 52 is connected to the bus controtler 50, the memory 51 and the external interface circuit 53, and changes the 
format of the input/output data by performing computation. 

The external interface circuit 53 has interface ports for various devices e.g.. a display device, a keyboard and a portable 
terminal to provide an interface with a user. The external interface circuit 53 transfers data from these devices to the 
CPU 52 and outputs various data stored in the memory 51 via the CPU 52 from the Interface ports. 

FIG. 21 is a diagram Illustrating one embodiment . of the present invention, described above in detail, for performing a 
cross connection (a line setting) while inputting STM-4.times.2 lines and STM-I .times.8 lines. 

In FIG. 21 , the diagrams used for the above description are partially simplified and the sequential order of the 
connections Is changed. As is shown in FIG. 21, two STM-4 signals and eight STM-1 signals are input to a signal Input 
processorl. and are converted into electric signals by an optical to electrical signal converter 10 in the signal input 
processor 1 . 

The STM-1 signals are multiplexed in the STM-4 signal, and ALM processors 11 in the signal input processor 1 process 
ALM monitor signals by using a STM-1 level signal in common. Therefore, the STM-4 signal is divided into four STM-1 
signals by a synchronizer 12 of the signal input processor 1. 

Since the STM-n signals that are input to the cross connection (line setting) apparatus each have different frame 
timings, their time slot positions must be aligned to perform cross-connection. 

Thus, the write and read timings relative to the memory 20 of the signal synchronizer 2 shown in FIG. 4 are controlled, 
and the frame timing positions of all the input STM-1 signals are adjusted so that they match each other. 

The ALM processor 11, which processes an ALM monitor signal, monitors each channel of the ALM (alarm) state for 
VC-n signals that are multiplexed into each input STM-1 signal. 

In consonance with the ALM state that is monitored, a signal indicating the state of each channel signal, SF (Signal fail), 
SD (Signal degrade) or NO-ALM, is output. 

Then, Upon receipt of the primary signal data and the alarm signal, a signal converter 21 of the signal synchronizer 2 
multiplexes the STM-1 signal to obtain an STM-4 signal, so that line setting is facilitated. The resultant signal STM-4 is 
transferred to a TSI unit 3. 

A UNEQ signal generator 33 in the TSI unit 3 generates an STM-4 signal obtained by multiplexing VC-12 
UNEQUIPPED Signal by the equivalent of 252 channels. A TSI circuit 30 in the TSI unit 3 includes line setting circuits 
131 to 164. 

When the TSI circuit 30 in the embodiment in FIG. 21 is compared with the previously described TSI circuit examples 
30. this corresponds to the one specifically shown in FIGS. 22A and 22B. That is. the structure in FIG. 22A corresponds 
to the arrangement of the TSI circuit 30 described previously, where line setting elements 100 correspond to the 
assembly composed of the memories 300 and 301 and the signal selector 302. A selector 101 corresponds to the 
selector 303 (see FIG. 9). 

The outputs of the line setting elements 100 are collectively transferred to the selector 101, which selects one of these 
outputs. 

On the other hand, in the embodiment shown in FIG. 21, as is shown in FIG. 22B, each of the line setting elements 131 
through 164, which are each constituted by a line setting element 100 and a selector 102. are cascaded. 

In the embodiment in FIG. 21 , a total of 16 line setting elements are provided because one set of each vertically 
arranged four elements implements the TSI for an STM-4 (total of four sets corresponds to an STM-1 6). One set of 
vertical elements can not implement the TSI for an STM-16 because the speed of the device is limited. Therefore, the 
speed is reduced to 1/4, while the size of the line scale is increased four times. 

The quantity of data processed by the TSI circuit 30 can be varied depending on t he address speed. When the address 
speed is set equivalent to an STM-16, one set of the line setting elements in FIG. 21 is sufficient. 

In the embodiment in FIG. 21, an arbitrary VC-n signal for an STM-4 signal received from the signal converter 21 is 
inserted into a through signal transferred from the UNEQ signal generator 33 or the upper-level line setting circuit At 
this time, line setting is also performed for a condition signal that is added to the VC-n. 

Further, line selectors (path switch: PW) 140 and 141 are provided to select one of the signals, which are cross 
connected by the line setting circuits 131 through 164, in consonance with the condition signals that are added to the 
VC-n. 

For a channel fo r which no redunda ncy processing is performed, the signals are output without a selection being made. 
With this arrangement, since the connections of the line setting elements are increased vertically at many stages, the 
capacity of input signals is increased. When the connections of the line setting elements are increased horizontally at 
many stages, the capacity of output signals is increased. Thus, as the whole, the line setting capacity can be easily 
Increased. 

An example arrangement of each of the line setting circuits 131 through 164 in the embodiment in FIG. 21 is shown in 
FIG. 23. The line setting element 100 is constituted by a data memory. The data memory 100 has two sides, each 
having sufficient memory capacity to hold STM-4 signals for one row (125/9 .mu.s) and a three-bit ALM signal. 

Each side has a one -row memory capacity because the repeating of channels is performed for each row. While signals 
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are written on one side, from the left in the input order, data for an immediately preceding row are written on the other 
side, and arbitrary data are read from the address memory 103 in consonance with an address. In this manner, the 
writing and the reading are changed for each row. 

Input source data for each data byte in one row of signals that is to be output is held in the address mennory 103, The 
following input source data are stored in the memory and can be rewritten externally: 

(1) whether data is from a through input or is read from the data memory 100; and 

(2) an address for data to be read from the data memory 100. 

The output of the data memory and the through data are transferred to the selector 102. In consonance with the 
contents of the address memory 103, either through data or the data from the data memory 100 is selected. Before this 
selection, the frame timing positions of both data should be matched. 

The time chart for Individual signals in the embodiment in FIG. 21 is shown in FIGS. 24 and 25. Reference numerals in 
parentheses in FIG. 24 correspond to those in FIG. 21. 

FIG 26 is a diagram for another embodiment, which is a path switching example where a m emory control signal is 
selected in consonance with ALM data. As well as in FIG. 21 . STM-4.tlmes.2 and STM-1 .times.8 are employed as input 
to perform cross connections. 

As is In the embodiment in FIG. 21. arbitrary VC-n of multiplexed STM-4 signals are inserted into through signals sent 
from the UNEQ generator or from the line setting circuits. At this time, line setting is also performed for condition signals 
added to the VC-n. 

At a set time slot, an ALM of a signal from an upper level and an ALM of a signal to be inserted are monitored and the 
signal having the better quality is selected. Thus, the redundancy function can be provided. 

FIG 27 is a diagram illustrating the arrangement of a line setting circuit used for the embodiment in FIG. 26. The 
difference between this circuit and the line setting circuit in FIG. 23, used for the embodiment shown in FIG. 21. is that a 
selector discriminator 104 is provided. The selector discriminator 104 corresponds to the control signal selector 312 and 
the discriminator 315 (see Fl G. 17, for example), both of which were previously described. 

A data memory 100 has two memory sides, each having sufficient capacity to hold one row (125/9 .mu.s) of STM-4 
signals and a three-bit ALM signal. 

Each side has a m emory capacity sufficient for one row because the repeating of channels is performed for each row . 
While signals are written on one side from the left in the sequential input order, data for an immediately preceding row 
are written on the other side, and arbitrary data are read in consonance with an address from an address memory 103. 
In this manner, the writing and the reading are cha nged for each row. 

Input source data for each data byte for one row of signals to be output, and data for determining whether redundancy 
processing should be performed are held in the address memory 103. The data In the memory can be rewritten 
externally. The following input source data are stored : 

(1) whether data is from a through input or is read from the data memory 100; 

(2) addresses of data to be read from the data memory 100; and 

(3) whether or not a time slot for that data should be redund ant. 

The selector discriminator 104 employs the data (1) and (3) from the address memory 103 and ALM data from the 
signals to determine whether the through data or data from the data memory 100 should be selec ted. The contents of 
the determination are shown in FIG. 28. 

In response to the result of the determination performed by the selector discriminator 104, the selector 102 selects 
either the through data or the data from the data memory 1 00 in consonance with the contents of the address memory 
103. For the selection, the frame timing positions of both data must be matched. 

The time chart for individual signals in the embodiment in FIG. 26 is shown in FIGS. 29 and 30. Reference numerals in 
parentheses in FIG. 29 correspond to those in FIG. 26. 

An Add/Drop multiplexer (MUX) can be arranged as shown in FIG. 31 by using the line setting circuit in FIG. 23. The 
Add/Drop MUX is a multiplexer by which unidirectional low-order group of signals is interfaced, relative to a bidirectional 
high-order group of signals, and for which a cross connection function is limited. 

With this limitation, the exchange of time slots is inhibited for a connection between high -order signal group s. For a 
connection between a high-order and a low-order group, time slots can be switched freely. The time chart of individual 
signals in this embodiment in FIG. 31 is shown in FIGS. 32 and 33. Reference numerals in parentheses in FIG. 32 
correspond to those in FIG. 31 . 

As is described above in the embodiments, according to the present invention, a large-scale line setting function can be 
provided Since high reliability for the line setting is obtained, the line redundancy function and an efficient circuit 
structure can be acquired. Therefore, a circuit structure can be provided where the setting for the validity and the 
Invalidity of the line setting function Is flexible and efficient. 

In addition, an Add/ Drop MUX device can be an-anged by using the same line setting circuit. 

The above explained embodiments and drawings are used only for explaining the present invention, and therefore, the 
present invention is not restricted to the embodiments and drawings . The protective scope of the present invention is 
determined by the description of the attached claims, and the equivalents to the claims are wit bin the scope of the 
present invention. 
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Cross connection system for time-division multiplexed signal 

The EPO does not accept any responsibility for the accuracy of data and information originating from other authorities 
than the EPO; In particular, the EPO does not guarantee that they are complete, up-to-date or fit for specific purposes. 

Claims not available for CN 1177246 (A) 

Claims of corresponding docu ment: US 6034947 (A) 

What is claimed is: 

1. A cross-connecting system for receiving an SDH interface frame signal, separating a virtual container line signal that 
is multiplexed into said SDH interface signal and connecting said virtual container line signal to one of output terminals, 
comprising: 

a signal receiver receiving primary signals, detecting alarm information contained in said primary signals, and 
performing conversion of said primary signals in consonance with occasions when said alarm information is generated; 
a signal synchronizer receiving said primary signals and said alarm information from said signal rece iver. and switching 
respective phases of said primary signals and said alarm i nformation to phases based on one common clock; and 
a TSl function section exchanging time slots of said primary signals output from said signal synchronizer and outputting 
said primary signals having exchanged time slots. 

2. The cross-connecting system according to claim 1, 

wherein said one common clock is output from said TSl function unit. 

3. The cross-connecting system according to claim 1, 

wherein said TSl function unit includes a memory storing said primary signals, and said primary signals are read from 
said memory in a sequential order that differs from that in which said primary signals have been written to said memory , 
so that time slots of said primary signals are exchanged . 

4. The cross-connecting system according to claim 1 , 

wherein said TSl function unit has two memories storing said primary signals, and a signal selector selecting to read 
said primary signals out from said memories, alternately. 

5. The cross-connecting system according to claim 1, 

wherein said TSl function unit includes n sets of two memories storing said primary signals, n signal selectors each for 
controlling the two memories to output said primary signals, alternately, and an output selector for selecting one of said 
n signal selectors to output primary signals out from the two memories controlled by the selected one of the n signal 
selectors. 

6. The cross-connecting system according to claim 1, further comprising a signal generator Including a memory storing 
an output of said TSl function unit, and an overhead data Insertion circuit inserting overhead data into data read out 
from said memory. 

7. The cross-connecting system according to claim 6, 

wherein said primary signal is an optical signal, said signal receiver Includes an optical to electrical signal converter, 
and said signal generator Includes an electrical t o optical signal converter. 

8. The cross-connecting system according to claim 6, 

wherein said primary signal is an STM-n signal, said signal receiver includes a circuit demultiplexing said STM-n signal 
into a plurality of STM-1 signals, and said signal synchronizer synchronizes phases of said plurality of STM-I signals. 

9. Across connection system for time-division multiplexed signals co mprising: 

first means for demultiplexing an input STM-n signal into a plurality of STM-1 signals; 

second means for adjusting phases of said plurality of STM-1 signals to match frame timing positions; 

third means for monitoring, for each channel, alarm conditions of VC-n signals which are m ultiplexed with said plurality 

of STM-1 signals, and for adding a signal identifying said monitored alarm condition to said signals of which said 

phases have been adjusted by said second means; 

fourth means for generating STM-n signals with which VC-12 UNEQ signals are multiplexed; and 

fifth means for Inserting an arbitrary VC-n of a lower output from said third means Into an upper output from said third 

means or into an output from said fourth means. 

10. The cross connection system according to claim 9, 

wherein said fifth means includes line selection means for selecting either one of two signals cross-connected 
according to a condition signal, which is added to said VC-n signal provided In said two signals. 

11. The cross connection system according to claim 10, 

wherein for a set time slot, an alarm for a signal sent from an upper level is compared with an alarm for a signal to be 
inserted, and the signal having a higher quality is selected. 

12. The cross connection system according to claim 9, 

wherein said fifth means Includes a data memory having two sides of capacities adequate for storing one row of STM-n 
signals and an alarm signal; an address memory storing input source data for each byte of data for one row, which is to 
be output from said data memory; and a selector selecting either a UNEQ signal, or data read out from said data 
memory, in consonance with contents of said address memory. 

13. The cross connection system according to claim 12, 

wherein said input source data stored in said address memory includes information concerning whether said input 
source data Is a UNEQ signal or data read from said data memory, and addresses of data to be read from said data 
memory; wherein in said address memory is stored data for determining whether or not a time slot is used for 
redundancy; and wherein a selector discriminator is provided controlling a selection by said selector by using 
information concerning whether data is through input data or data read from said memory, Information for determining 
whether or not said time slot In said address memory Is used for redundancy, and alarm Information for each signal. 

14. The cross connection system according to claim 9, 
wherein said STM-n signals are STM-4 signals. 
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^, ff^^i^ihi^^i±-^'i-#^^^^'«P^ VC - n -ft-^-^i^:^. ^>&. 
-kf^Jtf/fSi.m^M.^ yC - nit^^-'^^Xm^-H STM - nmtf^ 

^n^^, 0, 1, 4^16, ^^^I5Ji^#i^>^*^^n6^m. 

^j^-ft-f VC-n ^>^f- — ^ "^S" ( Box ) , ^^0.^^, '^^in 
^yj,^^^^^i^AX^^^^t.t'^, f^l VC-4^^ 150Mbps 6^ 
tti^^iclJSi 138Mbps fi^^^^^^^-ft^il^^^h. VC-11 , VC - 

12, VC - 2yJL:Si\C - 3, ii^ii.^:^J5'J^>SLf-;te>^6^^^^'f&'^'^ 



¥j^n^^^ni^^. ^ii#+fri5LT, ( act ) ^^rf^j 

M.^^-^4k^M ( STB ) ^J^. ^S-^^m^i ACT ms^^-iS^i^^it-^^^ 

^i^^ (^S^SLM.) ^^A^B, dPa35^/r^. 

SONET in^^mi^) fffM.^^t^^'it^^m^y^^mH, ^^-^ 

— >h-ffif--^*tj-^^t-f ( primary signal ) 6«j^t-t^*^^. -ffl f"^ 



m 6 STM - 1 it^^^ STM - 1>AU- 

4>TUG-3>TUG-2>TU-12/TU -26fj^i^iJt#6^-#^^'J6^^^S'^ 
a 7A - 7E ^^i^^«ajy^>ft-^I^^^6^'?5-JS:^t^^^#'f^^ 

( VC - 4itf) 6tit^6^j^^®; 

9 TSI ^ 1 6^ TSI ^^6^ ^ -^fie-^ ^^fJ ^ ^ ® ' 

10 ^iJL«^ TSI ^!rtfe^iGt6^ TSI ^^fit-^^^h^OSe-^^^'^^ 



"4 ' 



11 TSI ^m^^^ TSI fe^6^^-#Se.^^^i6^^ 

a 12A - 12C^-bL«^>^TSI ifeJ^-^J^^#^t-f-6^I^^S: 
a 13 ^i^m-i^^Mit^^^^^^^^^'^ 

m 14A ^ 14B A^^>^it TSI ifcj^ii#Btl^:^^6^-^^^l^^ 

m 20^^a«-#ffl/^^^^®' . 
milA^mm^Z^^tSTM - 4 ^ 2^^STM - l - 



TSI 

m 23 A^m^m 21 dfr^^^fc^^t^^s^^^^^®^^^^^^^ 



26^tjt8J^-f STM - 4 >^ 2^^STM - 1 ^ Hi^^^^^^ 
m 27 ^iJLH^^f-® 26 t^^^^^^^^^^^^^^®^^"^^ 



a 28 ^^^^f-tX.B^i4#^6fj^J<*:6^-#;|^^S; 

3 1 ^-iC 8^ ^ - #1' ^ ® 23 ^ 6^ se* 5- A ^ ^ ^ ^ 

a32^@3i;^/r^^^^^^^'^^^^'^^^^® ^ * ^ ' 

g 34 ^im-^^^^^^^^ ^ ^^^^^ is.^^^^^m, ^ 

35 STM - n^Tt^-^^^^^^l^^^^^'^'^^^ 



3) ffi-f ^^BtK^:6«j TSI (BtK*^^) 

4) ^i"i^A^#^t^ ( Z - 2 ) v:*^ 



^i^^. ^-kP, lUT ^»r^^6tr 155.52Mbit/s ¥j^l^it^^ STM 

- 1 itfAm.it^MAt'i^^ 63 2.304Mbit/s 

^ TSI#-X,3 TSI T ^^^X^ 6^>f^ii.^t-f-6fj^ 

^Jl^j-^^t-^ Z - 1 , '^J*' STM - 1 jJt^t-?-, ALM lt#, #Ji- 

^i±^;^^^^S - 9*5.4-^ ( ALM ) ^^^t^ S - 3^ii^]it^^f 
^ 2 , ^ ALM m Bt, i^X^JS^ 1 ^^mt^ Z - 1 AIS 

'f|:-!-|^#^2^^t-^4^>v^JS^ 1 t^#-S-#S - l^ALMlt^ 

^^^^it'f^^^^^ 1 ^ TSI :^it 3 ^ffiliL4.6^^^£^t. 
TSI#-ic3.j^^>hBtK^#^*il'f^^l^i^^2 6^1^^'ft-f- S - 4, 

ALM^I&#-^ S - 5 ALM 6^lii5iL, S - 7 ^l^^^^^ 

^jb*tiS^4^*tJ-#^t-f s - 7 f:^^Bt^'ft-^ s - 8, ^^-e^n 

aS-9#LtIj, ^-^v^^JjA^-ft^S - 7 t. 



z - 1 ^^^^M.. 

^#>(t-f z - 1 tL^-^^^^^i3.M.^^i^it^, -ftp, -A-m:^ 

6fr>b#i^^ Ai ^^^^n-^, ^'g^Xf'J'ft-f STM - 4^^^H 

itm.^^'^^^^^- ^ DMUX ) . 

^J^^^^^if-^^^^^^^'l^^^^^^^ 13 , ^^^^^ 
13 ^^^itmf$i-, ^'^^Bl, B2 ^ B3 ^^^fj^^iflt. 

a-l^ll^^ ALM ALM *h^£^ 11 . 

ALM 11 ^^^it^^'^^iWr 10 ^•»'U«)6^r;S>#'(t-f-. #-8-^ 

#7(7ii^*ha6^^^, ALM It4&^t^ a-6 ^^^^^^tf a-7 
^^^4^t'^^14^iM.^»]>^/'4l:Cr 5. 

;tBt, ALMfi^Ai^, ^^>ft-?-Z- i;r^ii^^^^*tS»'^/^^ 

JS^-^'J. ii#*hi£ife^t^#-^^15*^^^- ^AlS^St. MALM 
10. 

10 ^^A^^ ITU SONET ^^^^^'}^^^ 
^m^if^Z - 1 - b. #J-^^*^NRZ^i^fi^^##->ta.l 



10 



15 



20 



25 



30 



^ ^ «.>ft-t 6^ Bt##-X.^t-f ( CLK ) S - 2 , 

m 2 ^¥j^/^it^^^^ lO^ifc*^^ ITU ^ SONET ^^^i^ 

Z - 1 , ^M-^^A^ NRZ :>^i^6ti^##-iC a-1 Jit A 
^^^^ff^^^^^^ff ( CLK ) S-2. ift.^h, 10 ALM 

JLia,^ ALM 11 . 

3 t. -^^-W^^^t^ ( ALM ) a-3#illS'J ALM 

-f- * ;^ ^ ^ ^ ^ 6^ 'fc ^ ^ ^ i% ^ . 

n^Wr 12ALit/%.^t^#^^ 10 10^jb^^#-iC 



13 . 

'li^lt^i^^ Bl il^^#t. ALM ^^I'X'lt^ a- 

ALM^I&'ft^ a-4Ai.i^^nfm 12 t#^^. 

^ ^t-f- a-3 ^ a-4 :^^*tN-, ALM *tJ£^ U ^^'^^n^^^^'l-efc^ 
itf a-8 JSil^ ALM Itl&'ft-f S - 8 . 

#-f- a-6 a-7 . #i^'g^n#^^^'^^^^t^ S - 9 , 
^J£^#ilii±^6f|^#'ft-f- S - 1 ^ ALM It^-ft-!- S - 3 # 

ifcj^22 K:A.s.-'^>^5■^f:at^^^^23, 



g 1 «*L*<I*«F«-t S - 1 «^ ALM S - 3 . 

20*-**.«r*W#liiit». iS.*VC#*t««:««* ( DATA) b- 
3 ^t***^ ALM 4L#'i*^ b-4 . 

*.*.^#ie:»t.«-20**.«it««-f ( DATA) b-3 « t -Is S 

S**«5ifc« ( DATA ) b-3 A-^tVC 

^ AIM «t««-f b-4 il<,^8tat#«1f>it«.#**<i-^**''* 
4 «>h-li-*fc. ALM *t#«^ b-4 « ALMtt * S - 5 «^ 

'^^TSI+A3«-*l-»^**')*^® TSI+X.3 afe-^TSI-fc 

UNEQUIPPED ( ^«.-S-<i^ ' 1sT«.2-SS • ■=>• ^ . „„, 

SOS***) t*)e»r**^'>^*-*«-^S - 4. >i>h#»:gATSI 

UNEQUIPPED ( 4.***^ ) 30 >-4*****4-^a 



>4 *A TSI *ta. TSI i^ic 3 S - 4 «*^^SL 

^ VC - 4 6*1 Jl - _ 

STM>l>AU.4>AUG-3>TUG-2>TU-12>TU-2 ^ i^ilt^t ^ 

5C;^ Al TU - 3 mm^^^ TU - 2/TU - 12 ^ VI ^ 



8 



7^^$se.ii##^'l, *svc - 4 >fr-?->y. STM - i >fr-ft^^iJ^^> 

5 J^it^n^ ^ 2 ^^a^m 20 ^T^^^mt^ ( VC - 4>ft^) ^ 

^ t »'>^^^t TSI *hJS. STM - Mt'^^^^^^Hitf^X^^'Z^ 

15 # ALM^fr-f-. 

TSI#-X>3 6^ TSI ^j^30— 8ilB 9 J.® 11 /^t^^^- ^ 

20 8 t. TSI %i2S-30 ^^^^^^h-J^fiS 300 301 VX^-A^iff 

3^#^302. ^mt^^ - 4#JP>^^>h#»i^ 300^301 t> ^-S-^- 
#^g>ft-f-3l#^302 6^^*l'ft-tC - 1, VX^mffS - 7¥}^A.^ 

300 5^ 301 ;^>!L^6^j#^^*^'f^^^^^6^^#'ft-f-*S^^>i^ 
>ft-ii,J!lTSI#-it3 6^1.^'ft-f-S - 4^^ifc^^#Jti^300^301. 
300 5^ 301 ^J&T^^, M^fP^^ 300 ^ 301 ^^'i^^^ 

^^'fr-f- ^ *r*fe.3i#-»^ ^ ^ ^ ^ ^ • 

30 Jt^^ifci^., -^^*J#-t C - 1 TSI 30 .j^ 13.89ms 6t 

S - 4 , 12 ^4^^. ^--fe^^l'ft^ C - 1 , 



302 St^J^t>>$.^-itfT^^^^m^ 300 ^ 301 fi^^^^t^ CI - 1.1^ 
CI - 1.2 t6^— #-B.)5iJ-#^t^ S - 7 fi^J^A^^iMi^^^^t^, 
M^mit^ C - 1 ^^^^^^^ ( UNEQUIPPED ) ^t-f¥jik^ 
Bt, M.it^-~^^^^^t^ C - 4. 

n ^ 301 - IJ. n . n 302 - 1 J- n . vJA^— 

^ 303 . 

Jl^n 10^-t^6f|^-#tS&J.t. TSI ^J^30^^— ^J-^'f&^S - 
4.1 - 4.ii^^:tffl 8 t60^^. ^^h. ^ilX T 
^303 J^A— ^^^304. 

^^^^ "5" o 

11 ^ TSI t^30 6^ge.J-t, i^T^a 9 ^TSI %J^30 6^85 
3i^>f|:^i4#^ 303 6^J&^i5:J.T^/# ^#1^^304, ^ 
3t^^^304 4L^i5:I.T'ft-§-i^#^ 305 ^:^#.|&^*J'^t-f- C2 "7:^7 
'ft^^##305 ^^^^^/r-^*t6^#-f »':*#^>J>^#-i'#^t-f S - 

7.1 J- S - 7.m, 

i^f-^® 9 J.® 11 TSI ^J^6tge.^, /^ffij^^iff^m^^^ 

lt*&^^*^ipBt, -^^^l-ft^C- 1 6fiil#-;fe>^j*.3t:t, ;te^-tTSI 

9 J.S 11 t> 300 - 1 ^ 300 - n ^ 301 - 1 

J.301 - n6t^^-^>j«fc-@ 8 t^^J^^300^301 6*fM;|^;fe|5J. 

f^mt^^^^^^i^^^^^^^^^^"^^"^ ^ ~ 4.n(n=l J-n)^.^^ 
^ T^lal^Jl^l^^ ALM4^#, ^M-^^^^M^tf C - lnit#i3-r^. 

S - 4.0n ( n=lJ. n ) . ^ JL#.|&4t^]^t-f- C - l.n 
( C- I ^^-^r^^^^^^MitM^ffX^^^ CLK^t^ C - 1 
CLK, ^ ACMitmiff C - l.acml, C - l.acm2 )^J.;S^C - l.sel ) , 

^m^n^^^^^^'^'f^^^'^^^' ^^j^t^ih^^'ft-?- ci - 1.1.1 

J-Cl - l.l.n?^Cl - 1.2.1 J. CI - 1.2.n. 

M^M^'fC - ( UNEQUIPPED ) #-f-Ht, ^ 
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'f&-f-J^## 302 - 1 J- 302 - n .^.^l&mM 300 - IJ. 300 - n ^ 
301 - 1:^301 - n t4^'i^&#^t^ CI - l.l.lJ- CI - l.l.n ^ CI - 
1.2.1J.C1 - 1.2.n, #JL^mi^tl4t*J'(t-f^^^31 ( iSL® 5 ) 6^/^ 
MiB-f C - l.sel 3^#-^*-^^6^'ft-f-. 

^^y:ir^^^^^^M^t'f^^U 31 ^J|fc6^4t*j>ft-f- C - 

l.sel2 , 303 il it^it^U 302 - IJ- 302-ii 6^^#^t 

-?-Cl - 2.1J-C1 - 2.n ti^#-'H'^t^, i^{I{6^i>ft-f-»':^l^^'ft-t S - 

7 

^^Hmff S - 6.CLK . S - l.CLK , ^ S - 8.CLK y:i:S^m 

TSI *.j^30 6^^^J^t^ C - 1 ( C - l.sel, C-Lacml C-l.acm2 ) . 

'e&^->hat# ( CLK ) 310 , -^^^X^Wr 311 . 

*Ji^#S312, — >h#Jt:^313 '^#»i^*1^314. 

Ht^j' ( CLK ) ^^^310 Z^^^^Btl^:^^ ( it^^^) ^^^3L 
Bt-^l-^-f- S - 6.CLK . C - l.CLK ^C2 - 1 . I^^JtiL^^ 311 /^^ 
TSmiS^^6^'^#^BtJ5!^H''ft-f- S - 6.tp^«'S - 8.tp, ^^XS^-^^TSl 

^^^fi^^mt"^ C - Lsel. 

^^it^ C2 - 4 , TSI 30 ^^flPU 300 ^ 301 6«>i^J4iL^t 

-t, •^ilit#»i4£^J^314#iM.f!]##i^'^!-JS:E313 t. 
i^gJN5^H'^^^311 6fi^^J>ft-f-C2 - 2,yJ.^M^t^C2 - 6¥ji^^M 

^^^M^ 314 /^M,0,^tt 32 TSli$,i. ( setting ) lt# 
it^C - 3 (-SLS 5 ) , ##'&^^#Ri^313. #je:4£#]^314Hfe>l^ 
iX^mt'fC2 - 4 J-.t'^4^cr%j^32, ikS.it 

Smik. ^iL^»i^313 t-^*>*t*t|tfe. 

a^J^t-f i^#^312i^#^&I^^H'^^^3116^^Ak.At'lt-f-C2 - 2 

i(.^^il'*!-l^^313^-i^ifc^'ft-f C2 - 6. 

^ifcit-ft:-?- C2 - 2 ^-#ititi+^^t-f . A-^^vf ^^^^ 
313 6^»i*.At>ft-t. ^H^^'^f^n 313 6^tX-^^^^>^^#t> 

^J^ih'ft-f- C2 - 2 ^ TSl ^^J^t-^ C2 - 6 i^4t*J>ft-t^#^ 312 ^ 



^/^>?!-^^313 6^^^^-^t^^^*i-'«l^^ ( 125/9ms ). 

^$tmmk.^f^mf^^ 313 - 1 ^ 313 - 2 15 f^^M 

315. .>l*«ALMibaJfif"l«******'^^313 - l^-^^-ZW 

iffl S t«*l«^^iS 31 a 8 t« TSI **^30 . 

«*J«-titiS 31 afe-^'l*^**® 310 , 
-/h*H'&iS311.-^«*l«*it#S312,#»:S313 - 1*.313 

_2 — 314 ® 316. 

( CLKS ) S - 6.CLK. C - l.CLK ={- S-8.CLK . *b*h 

8.tp. .:ta.ffl-f**)TSI%*30«H^*4«-f-C - I ( C - l.sel. C 

- 1 acml ^ C-l.acm2 ) « , ^ 

*i|:#«&E^^Sl3t^^^Ht-^^^^31^S&^^f'^60&*l>^^ 

#1^^ 300^ 301 mm)it^ C - Lacml ^ Cl.acml ^ ^^L^T ^ 
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300 ^ 301 ^i^i^^it^^^^^t^ C - 2.4.1 ^ C2 - 4.2 i^it 
314#i^^'J##i'^»^^313 - 1^313 - 2 t. il^-ft-f" 

J^m 15 t. 1^*^ TSI %^30 

J^^f^i^Mm3U^^^^^^^C2 - 4.1^ C2 - 4.2, 

-ft 3t J. C2 - SA^Cl - 5.12. 

>ft:-?-^*l n316^^^^it^nfn2^^^ ALM S 5 , 
i^jij^i"i^##ie:^313 - 1#^313 - 2^-6^il#'ft-f. 4t^)^t^^ 
#^312«^il^t-f-4^«'m316 6^4g#]^t-tC2 - 7i^#>y.#^^313 

- lj^313 - 2*&-jit6^>i^i<k,JUi^t^t6^-^- 

15 t^^fiE"^. ^Mit^^^Wr 312 i^#>y.ll3^JtiC^^ 311 
l^^^m^&^'^Cl - 2 »'>t>S.>y.i4#^315^ib6t^t-f- C2 - 6.C. 

^® 16 t^ifeTitt>^-f S9 6^^*]^t-t^^^31. ^^^^J'fi^^ 
^^31'^;riail^^^^'^^' #J.&^-^ CLK 4^*1 ^310, -^14^^ 
iLi^311. -^4^*l^t-f i^#^312, ->h#JP:^313»':t^->}-^5t^ 

iBt-^l-ft-f ( CLKS ) S - 6.CLK, C - l.CLK ^ S - 8.CLK . ^ 
Miff^^^ 31 S - 6.tp 

^^S - %.iv.VXJS^m^m\TS\^^3Qifim\it^C - 1 ( C - l.sel, 

C - l.acml > C - l.acin2 ^ C - l.sel2 ) . 

^mt^Cl - 4^'ft'i?-»i^ 300^301 "giait-fl- 

Itr^t^]^ 314 ^^^^^^^^ 313 t . ^ fl^?t^^^ 311 

6^4t*]^t-f C2 - 2. ^:*-i^*J^t^C2 - 6 6^,^iC^^'^i4i.^jfc. 

-It-^ ^ ® 9 1 6^ TSI 'fe.i^ 30 i^ffi Bt, ^ -f ^^i TSI 30 mt^ik^ 

303 6^^t^C- l.sel2-»k>#»':^^A. 

17 ^m^%^^^\^t^:^^%3\ f^^^m 9 t6(» TSI fe^ 

^^^310, ->Ma^?t^^^311, -^4^#']>(t-ti4#E316. 
31301^313-2. -^^f^^MUSU. '-^^t^^»]m3l5yX^'- 
>h.fe*J'ft-t5^#^ 312 . 
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^-ft-f- ( CLKS ) S - 6.CLK. C - l.CLK ^ S - 8.CLK , ^i^^ 
^-f ■fe^J^^6^^Ht6^^fltii*-^'(t-f S - 6.tp^S-8.tp. 

5 1 ( C - l.sel . C-l.acml , C - l.acml ^ C-l.sel2 ) . 

f^B 300 ^ 301 ^^^J'ft^ C - Lacml , C - l.acml ^ C - l.sel2 
10 Am 18 t^iiJ T^>^i"S 11 TSI %i^30 ^^m^t^X^^ 

^-^^M, i^Tffl 16 ;9r^^ge.J-^h, i^^T-ft^^^'J^ 3i5 . 

lit ALM iLI&^t-t S - 5i':t^^ib#*J^t-f C2 - 7. 
4) #l^^t-fiL^^4: 

15 ^. #%'ft-f;5l^^4&4^->h#J&^^40. ->h#J^^^$«>%^41 . 

42 , 43 . -A-it^^^B 44 

i^mt^x^m 4 ^-Jit^ ^ TSI #^7G 3 m^mt^ s - 7 , Bt^'fa 

-f S - 8.CLK?^^Bti5i^H"(*^S - 8.tp,#*S'g'fn##:^it'ft-?-Z - 2, 
20 ^>^i^itl. 

#J&^j^40^tfc##JtititTSI#-iG3*^^6^^#^t^ S - 7. 
jfc^h, #-#i^^'4^Ei^^*^4l60-*Bt^'ft^d-l, #J^^i^40^ 

#!!i^-*^«-^^4l4lriit^g TSI#-/G3 60B=J-#^t^S - 8.CLK^ 
d-1 . 

^■^^^#^*.^42#tiliA'c-l!-Bi^^40:^^6^jJ.^'f&-?- d-2 , # 



it-fXm m 43 42 ^H^^^mt^ d-4 6^ 

^-f^^Br 44 ^;r^/it#-?-#^^^^' '^^^^'^t'fXM^ 43 

.t'^^ II ^ 45 itit ^ 1^ ^ / ^ 42 41 ^ 

6t ^ Jb ^ J^-ft ^ 6^ 'ft-f 44 , k:^ - 140Mbps 

1^ TSI ^7L3ik^^^n^t'f^i^n^t^X^nt^^^^ 40 . 

;f; ^ TSI #-iG 3 6^ CLK ^ 310 6^ 8t#>ft-f- J^. CLK 
^ 310 ii^. 

^^^>ft^ii.ii#-f#^^44#^^it'(t-f-Z - 2, 

l^^^^it^Z - 2. 
5) ^^^tr^^^ 

TSI^it3, K>l^^^-f^/*^6^fl-^^^^^^'Ht-?-^^^ 

4 . 

^4, ^^^-f 6^^.^ ( ALM . ^)^&^^# 



5Q ^ __>}v^^^ 51 , CPU52 yJ.^SL—^^Y^^i^ 




53 . 

.e^4t*J^50^it.t>^S - 9i45'J>ft-?-4^^^^^1^ TSI#^iL3 
>lt-f-^JS^ 1 ALM It It, CPU52 i^^6^^i"-H-#6«r^Bt 



CPU52i|.f'J-t'^4t#J^50. #8=^51 K:i^^h#4^^^^ 53, # 

CPU52 , #J-^^ CPU52 >y.^ai5^a^iij#^>jt#^S 51 t 
@ Zl^ijta^*':^-^^^*^^^^^^'^^^^^^^^^™ " ^ 

10 ^■^A^'ft^. 
STM- Mt-tX^^STM - 4lt^t, f^JL'ft^^^*!:^^ 1 t 
ALM 11 itit^^ STM - 1 ^^it^^n ALM J&^^^t 

-f-. gjtb, STM - 4>ft^^'ft-t^^*tiS^ 1 ¥jn^n n^^^^ 

STM - 1 it-f. 

^^i^^M^SL3^4k ( ^^Se.^) it^^ STM-n ^f^^^^H^ 
^^-f ffl 4 6^^t-f |S1^^2 6^#l&^20;^^6f|^^^^Bt 

*hiK ALM ^mt^^ ALM ^iS^ 11 ^J.^^'J^^^ STM - 1 
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^^jit) . SD iit^.^'it) , ^NO - ALM. 

4t TSI #-iG 3 t^^J^^-^ ( UNEQ ) ^t^^^mf"^-^^^^ 
¥j 252>^'^tilJ.^ VC - 12 ^^4k- ( UNEQUIPPED Mt-f-4ffj6^ STM 

- 4#-f ..^TSI-f its t^TSIfei^ 30 ^i^^^j^fie.^^^ 131^164. 

21 ^^^^sfe-^'J TSI %.;^30-^-t*/!t4lS^6^ TSI^i^^-^^'J 
30 >big.Bt, il^ySLl^ffl 22A ^ 22B ^^P^-n^^tt^, ^M.Ai^, ^® 

4iG 100 ^Mf-^f^^ 300 301 k:t^>ft-tj^#^ 302 M^^^^fie.^ 

iC. 101 ^^f-it^^ 303 ( iSLS 9 ) . 

^j^ge.E-fiCl00 6^^ib*l=l#iM.5m#S 101 . 101 

ge.^#-x, 131 J- 164 ^^$16^1, ii#^j^fie.£#-iG^i^-^^^ae.S#- 
it 100 5^— 102 ia.^. 

#jLi5:^6^^^^^^^-^STlVI - 46^TSI( >hSTM 

- 16 ), ^^^^-^it^Atf^^^ -^#i6*r#-7G;s^fe^^— ^STM 

-166^|TSI. il^I%J-l/4, 

il^^-f — >h STM - 16 , S 21 6^— ^^^Be.5.#-iCSt.A#T. 

21 ^^^P]^, J^^t^i^^n 21 ^jJ^l6*j STM - Ait"^^- 
^^i^\C - n-ft-^^^fJ^^^^ ( UNEQ ) ^t^^^m33 M^^^A 

jtb^h, ( PW ) 140^ 141 Jcl^m.in'M 

VC - n 6^*t^'ft-ti^#^^^S^^^^ 131 M. 164 1 
6^ — 



21 ^^^iH^-^—^^^^M.^^ 131 J- 164 ^ — ^mM.^ 

n^^m23^ ^i^ge.^#-7G 100 I^^-^I-Ri^ 100 

( sides ) , ^-^^^^^^^f^^i^^^^'-'irSTM - A^t 
^ ( 125/9^8 ) VX^'-^^)^^%^ ALM'ft-t. 

#r:^103t. yATfi^^^^'i^^^^f^^'^^^^' #J-T*':*i^^h#* 

( 1 ) yf^f-^^A^n-^M.^^^, 3i^-f^glt#>FflP:^ 100; 

( 2 ) 100i^#L6f>|i:^6^J4il:, 

I03 6firt^, i^tb iii-ltl&iL^^ii^^&^J^^ 100 6^lt^. ^^ii^i-^ 

jtt-f ® 21 t^^^'^'J t6f>-§>^^t-f-6^j8t>^®^i^® 24 ^ 25 . .j5t 

@ 24 6^^5«.t^^'^^^^>^"^® 21 6*1 ^Mlt. 

@ 26 "g^^M ALM 
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Integrated cross switch unit and service sclieduiing method thereof 

The EPO does not accept any responsibility for the accuracy of data and information originating from other authorities 
than the EPO; in particular, the EPO does not guarantee that they are complete, up-to-date or fit for specific purposes. 

Description not available for CN 1633103 (A) 
Description of corresponding document: EP 1699153 (A1) 

Field of the Invention 

[0001] The present invention relates to cross -connecting and switching technology of TDM (Time Division Multiplexing) 
service and data service in communication systems. 

Background of the Invention 

[0002] As the data service increases, the conventional SDH (Synchronous Digital Hierarchy) transmission technology 
also has corresponding advancement. The Next Generation SDH (NG SDH) technology represented by virtual 
concatenation, LCAS (Link Capacity Adjustment Scheme) and GFP (Generic Framing Procedure) accelerates the 
evolution of conventional SDH devices mainly-designed for TDM service to the direction of MSTP (Multi-Service 
Transmission Platform). 

[0003] In MSTP devices, switching of data service between different boards can be implemented through adding data 
switching function, and accordingly, the demand of incremental data service can be satisfied. 

[0004] At present, almost all data switching and TDM cross-connecting are implemented on different boards; some 
solutions can accomplish data/TDM integrated switching, but these solutions have some problems, the most important 
one of which is they need line boards to implement identification of data service, and even de-mapping and de- 
encapsulatlon; in this way, the virtual concatenation serv ice in different lines can not be supported. 

[0005] FIG.1 shows a data switching solution of the prior art. In this solution, a data service processing unit transmits 
the data as required to be switched to a data switching unit via data bus to implement switching; a line unit Implements 
separation of data service and TDM service on SDH lines, so that the data service gets to the data switching unit via 
the data bus to be switched, and the TDM service Is crossed by a cross-connecting unit. 

[0006] The data switching unit may has functions of encapsulating and mapping data service to SDH container, here 
the data switching unit is connected with the cross-connecting unit by the bus. 

[0007] It can be seen from the above, the prior art has following disadvantages: 

(1) The cross-connecting unit for TDM service and the Switching Unit for data service are separated, low-integration, 
and occupying relatively more system slots; 

(2) The line unit needs to implement separation of data service and TDM service, in the circumstances of virtual 
concatenation, the same service is possible to born at different line units through different routes, then the line unit can 
not implement separation of data service and TDM service. 

Summary of the Invention 

[0008] In view of the disadvantages of the prior art. an embodiment of the present invention aims to provide an 
integrated cross-switching unit to integrate the functions of TDM cross-connecting and data switching into the same 
unit, which reduces the demand of system slots; another embodiment of the present invention alms to provide a service 
scheduling method using the above Integrated cross-switching unit. 

[0009] The integrated cross-switching unit according to an embodiment of the present invention, used for SDH system 
comprising an SDH line unit and a data service processing unit, including: a bus identification m odule, a cross- 
connecting module, a mapping/de -mapping module, an encapsulation/de-encapsulation module, and a packet 
scheduling module; wherein 

the bus Identification module transmits the data service and/or TDM service from the SDH line unit to the cross- 
connecting unit and transmits the data service from the data service processing unit to the packet scheduling module; 
the cross-connecting module implements cross-scheduling for time slots of the TDM service, and schedules the time 
slots corresponding to the data service from the SDH line unit to the mapping/de-mapping module; 
the mapping/de -mapping module receives data frames from the cross-connecting module, and implements mapping for 
the data from the encapsuiation/de-encapsulation module; 

the encapsulatlon/de-encapsulation module receives the data frames from the mapping/de -mapping module, 
implements data link layer de-encapsulatron, and encapsulates the packets from the packet scheduling module; 
the packet scheduling module receives the data packets from the encapsulation/de-encapsulation module and/or t he 
bus identification module to implement packet scheduling based on label; transmitting the scheduled data to the data 
service processing unit via packet bus or to the SDH line unit via the encapsulation/de-encapsuiation module, the 
mapping/de -mapping module and the cross-connecting unit in turn. 

[0010] Preferably, multiple physical channels are configured between the mapplng/de -mapping module and the 
encapsulatlon/de-encapsulation module, and between the encapsulation/de -encapsulation module and the packet 
scheduling module. 

[0011] Preferably, the multiple physical channels are respectively configured with different encapsulation protocols. 

[0012] Preferably, for the GFP frames from different physical channels, the encapsulation/de -encapsulation module 
finds CID field in the extended header of each GFP frame and forwards directly the data frame with the 01 D field into 
the corresponding physical channel. 

[0013] Another aspect of the present invention aims to provide an integrated cross-switching unit, used for SDH system 
including an SDH line unit and a data service processing unit, including: a bus identification module, a high-order cross- 
connecting module, a high-order mapplng/de -mapping module, a high-order encapsulation/de -encapsulation module, a 
high-order packet scheduling module, a low-order cross-connecting module, a low-order mapping/de-mapping module, 
a low-order encapsulation/de-encapsuiation module, and a low-order packet scheduling module; wherein 
the bus identification module transmits the data service and/or TDM service from the SDH line unit to the high-order 
cross-connecting unit, and transmits the data service from the data service processing unit to the high-order packet 
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scheduling module; 

the high-order cross-connecting module schedules the service as required for low-order processing to the low-order 
cross-connecting module, implements cross-scheduling for time slots of high -order TDM service, and schedules the 
time slots corresponding to the high-order data service from the SDH line unit to the high-order mapping/de-mapping 
module; 

the low-order cross-connecting module implements cross-scheduling for time slots of low -order TDM service, and 
schedules the time slots corresponding to low-order data service from the SDH line unit to the low-order mapping/de- 
mapping module; 

the high-order and low-order mapping/de -mapping modules receive the data frames from the high-order and low-order 
cross-connecting modules correspondingly, and implement mapping for the data from the high-order and low-order 
encapsulation/de -encapsulation modules respectively; 

the high-order and tow-order encapsulation/de-encapsulation modules receive the data frames from the high-order and 
low-order mapping/de -mapping modules correspondingly, implement data link layer de-encapsulation, and encapsulate 
the packets from the high-order and low-order packet scheduling modules; 

the high-order packet scheduling module receives the data packets from the high-order encapsuiation/de-encapsulation 
module and/ or the bus identification module and implements packet scheduling based on label; transmitting the 
scheduled data to the data service processing unit via packet bus or to the SDH line unit via the high-order 
encapsulation/de -encapsulation module, the high-order mapping/de-mapping unit and the high-order cross-connecting 
module in turn; 

the low-order packet scheduling module receives the data packets from the low-order encapsuiation/de-encapsulation 
module and implements packet scheduling based on label; transmitting the scheduled data to the SDH line unit via the 
low-order encapsulation/de -encapsulation module, the low-order mapping/de-mapping unit and the low-order cross- 
connecting module in turn. The iow-order packet scheduling module receives the data packets from the low-order 
encapsulation/de -encapsulation module and implements packet scheduling based on label; the data after scheduling 
are transmitted to the data service processing unit through Packet Bus or get to the SDH Unit through low-order 
encapsulation/de -encapsulation module, low-order Mapping/De -mapping Unit and low-order cross -connecting module 
in turn. 

[0014] A further aspect of the present invention aims to provide a service scheduling method implemented by the above 
integrated cross-switching unit, including the steps of: 

A) the bus Identification module transmitting the data service and/or TDM service from the SDH line unit to the cross- 
connecting module, and going to step B) ; transmitting the data service from the data service processing unit to the 
packet scheduling module, and going to step C); 

B) the cross-connecting module implementing cross-scheduling for time slots of the TDM service, and transmitting the 
scheduled data to the SDH tine unit; or scheduling the time slots corresponding to the data service from the SDH line 
unit to the mapping/de -mapping module, the encapsulation/de-encapsulation module receiving the data service from 
the mapping/de -mapping module and transmitting the data service to the packet scheduling module, and going to step 

C) ; 

C) the packet scheduling module implementing packet scheduling for the data service; transmitting the scheduled data 
to the data service processing unit via packet bus, or to the SDH line unit via the encapsulation/de-encapsuiation 
module, the mapping/de-mappIng module and the cross-connecting module in turn. 

[0015] Preferably, the bus identification module reports the slot number corresponding to the data service processing 
unit and unit type of the data service processing unit to the control unit via the data service processing unit, and 
identifies the type of the bus connected with the processing unit as backplane packet bus to identify service source. 

[0016] Preferably, the SDH line unit and the data service processing unit copy the service to a first integrated cross- 
switching unit and a second integrated cross-switching unit which have completely same function and structure to 
implement the same service scheduling procedure; if the first integrated cross-switching unit and the second integrated 
cross-switching unit are both normal, the SDH line unit and the data service processing unit receive the same service 
streams from the first integrated cross-switching unit and the second integrated cross-switching unit , and select either 
of them to implement a processing based on the service streams; if either of the first integrated cross-switching unit and 
the second integrated cross-switching unit goes wrong, the faulted integrated cross-switching unit reports to the control 
unit, and the control unit instructs the SDH line unit and the data service processing unit to select the service stream of 
the normal integrated cross-switching unit. 

[0017] Preferably, the SDH line unit and the data service processing unit copy the service to the first integrated cross- 
switching unit and the second integrated cross-switching unit which have completely same function and structure to 
implement the same service scheduling procedure; the SDH line unit and the data service processing unit receive the 
same service streams from the first integrated cross-switching unit and the second integrated cross-switching unit, and 
determine whether t he two service streams are nor mal, select either of them and implement a processing based on the 
service streams if the two service streams are both normal; If either of them is abnormal, select the normal service 
stream. 

[0018] Preferably, the SDH line unit and the data service processing unit allocate the service to the first integrated cross 
-switching unit and the second integrated cross-switching unit which have completely same function and structure to 
implement service scheduling; if the first integrated cross-switching unit and the second integrated cross-switching unit 
are both normal, the SDH line unit and the data service processing unit receive the service streams from the first 
integrated cross- switching unit and the second integrated cross-switching unit to implement a processing based on the 
service streams; if either of the first integrated cross-switching unit and the second integrated cross-switching unit goes 
wrong, the faulted integrated cross-switching unit reports to the control unit, and the control unit instructs the SDH line 
unit and the data service processing unit to switch the service allocated to the faulted integrated cross-switching unit to 
the normal integrated cross-switching unit. 

[0019] Preferably, the SDH line unit and the data service processing unit allocate the service to the first integrated cross 
-switching unit and the second integrated cross-switching unit which have completely same function and structure to 
implement service scheduling; the SDH tine unit and the data service processing unit receive the service streams from 
the first integrated cross-switching unit and the second integrated cross -switching unit and determines whether the 
service streams are normal; if either of the service streams is abnormal, switch the service of the integrated cross- 
switching unit corresponding to the abnormal service stream to the normal integrated cross-switching unit. 

[0020] Preferably, the service allocated to the first integrated cross-switching unit and the second integrated cross- 
switching unit has priority ; when either of the integrated cross-switching units goes wrong and needs service switching, 
the high-priority service can substitute the low-priority service under processing. 

[0021] Compared with the prior art, the advantageous effect of the present invention include: first, an embodiment of the 
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present invention provides an integrated cross-switching unit in a system, whicli saves system slots using the 
integrated cross-switching unit under the precondition of implementing the same data switching. Secondly, since an 
embodiment of the present invention includes a bus identification module for identifying service source, and a cross- 
connecting module can implement separation of TDM service and data service, so the line unit and the data service 
processing unit can be simplified and suppo rt virtual concatenation. 

[0022] Embodiments of the present invention can provide service scheduling on GFP level without de-encapsulatlon, 
reducing scheduling time and implementation cost. 

[0023] Embodiments of the present invention can realize multi -granularity mapping/de -mapping; 

[0024] Embodiments of the present invention can support multiple encapsulation protocols and respectively configure 
each channel with a different encapsulation protocol. 

[0025] Embodiments of the present invention also can reduce complexity of the data sen/ice processing unit, when the 
access quantity of service is relatively large, it can reduce the total cost of the system effectively. 

[0026] It is easier for embodiments of the present invention to realize relatively large service scheduling capacity 
through separation of high-order service and low-order service. 

[0027] Embodiments of the present invention can directly connect the packet service from the service processing unit to 
the packet scheduling unit to implement scheduling through identification of backplane bus. 

Brief Description of the Drawings 

[0028] 

F1G.1 is a schematic diagram illustrating a service scheduling solution in the prior art; 

FIG. 2 is a block diagram illustrating the structure of an integrated cross-switching unit according to an embodiment of 
the present invention; 

FIG. 3 is a schematic diagram illustrating the connection of im plementing 1+ 1 or 1:1 protection of the integrated cross- 
switching unit according to an embodiment of the present invention; 

FIG.4 Is a block diagram illustrating the structure of an integrated cross-switching unit according to another embodiment 
of the present invention; 

FIG. 5 is a block diagram illustrating the internal structure of the date service processing unit according to an 
embodiment of the present invention. 

Detailed Description of the Embodiments 

[0029] FIG. 2 is a block diagram illustrating the structure of an integrated cross-switching unit according to an 
embodiment of the present invention. The integrated cross-switching unit includes: a bus identification module, a cross- 
connecting module, a mapping/de -mapping module, an encapsulation/de-encapsulation module, and a packet 
scheduling module; the bus identification module is connected with a conventional SDH line unit and a data service 
processing unit, for Identifying service source and transmitting the service to the corresponding following parts to 
implement scheduling. 

[0030] For conventional TDM service, the cross-connecting module schedules TDM data of one time slot to another 
time slot through space-division or time-division, implementing cross-scheduling; for data service from the conventional 
SDH line unit, which is probably mixed with TDM sen/ice, the time slots corresponding to the data service are 
scheduled to the mapping/de-mapping module by the cross-connecting module, pass the mapping/de -mapping module 
and the encapsulation/de-encapsulatlon module in turn, and get to the packet scheduling module, implementing final 
scheduling. 

[0031] The service from the data service processing unit enters the integrated cross-switching unit via backplane packet 
bus. The bus Identification module of the integrated cross-switching unit identifies the backplane packet bus according 
to the type of the single board plugging in the slot corresponding to the main control unit, and extracts the data packets 
from the bus. and transmits them to the packet scheduling module to implement scheduling. The scheduled data can be 
transmitted to the data service processing unit via the packet bus, or can get to the backplane TELECOM bus through 
the mapping/de -mapping module, the encapsulation/de-encapsulation module and the cross-connecting module and 
then get to the line unit, in order to implement the processing of packet over SDH. 

[0032] The mapping/ de-mapping module is used to load data frames Into a virtual container or a virtual container group, 
or extracts data frames from a virtual container or a virtual container group. Virtual container group refers to multiple 
virtual containers bound together through adjacent concatenations or virtual concatenations. In the embodiment of the 
present invention, the mapping/de -mapping module of the integrated cross-switching unit supports multi-granularity 
virtual container or v irtual container gro up, so that service scheduling between v irtual containers or virtual container 
groups with different granularity can be implemented, for example, from VC12 to VC3. For SDH. the granularity of 
virtual container includ es but is not limited to VC12, VC3 and VC4. For SONET (synchronous optica! network), the 
granularity of virtual container includes but is not limited to VT1.5, STS-1, STS-3C etc. 

[0033] When virtual concatenation is adopted, the mapping/de -mapping module also implements LCAS (Link Capacity 
Adjustment Scheme) protocol. 

[0034] The encapsuiation/de-encapsulation module is used to implement data link layer encapsulation/ de-encapsulation 
of data frames. The data link layer encapsulation is performed for frame alignment. 

[0035] in the embodiment of the present invention, the encapsulation/de-encapsulation module of the integrated cross- 
switching unit supports multiple encapsulation protocols including: GFP (Generic Framing Procedure), LAPS (Link 
Access Procedure-SDH), HDLC (High-level Data Link Control) etc., so that scheduling of service with different 
encapsulations can be implemented. Different encapsulation protocols can be respectively configured for each channel. 

[0036] Besides common encapsulation/de-encapsulation function, for data streams of linear frames adopting GFP. the 
encapsulation/de-encapsulation module can implement service scheduling based on CID information in the extended 
header of GFP frame. That is, for GFP frames from different physical channels (an individual virtual container or virtual 
container group), the encapsulation/de-encapsulation module can find CID field in the extended header of GFP frame, 
and fonwards the data frames with the CID to corresponding physical channel (an individual virtual container or v irtual 
container group) according to network configuration. This scheduling mechanism can save cost of encapsulation/de- 
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encapsulation and improve speed of processing. 

[0037] The packet scheduling module implements packet scheduling based on label. For a data service frames (de- 
encapsulating the GFP frame) from different channels, the packet scheduling module finds the label information in the 
data service frames, and forwards the data frames with the labels into the corresponding channels according to network 
configuration Here the label information can be configured differently according to different channels and can exist in 
different positions in the data frames according to different protocols. The label information can be found according to 
pre-configured or default offset position. Particularly, the label infomiation can be 802.1 Q VLAN label, q-in-q stacked 
VLAN label, or MPLS L2 VPN label. 

[0038] Since the position of the integrated cross -switching unit in the network is very important, an embodiment of the 
present invention aims to provide a 1+1 or 1:1 protection, as shown in FiG.3. 

[0039] When 1+1 protection is provided, the line unit and the data service processing unit copy the service to the 
Integrated cross-switching units A and B, so the service received, processed and transmitted by the Integrated cross- 
switching units A and B are completely same. The line unit and the data service processing unit receive service streams 
from the integrated cross -switching units A and B, and select either of them to perform a processing based on the 
service streams. 

[0040] When one of the integrated cross-switching units A and B goes wrong, suppos ing the faulted one is A, then the 
integrated cross-switching unit A reports to the control unit, and the control unit instructs the line unit and the data 
service processing unit to select the service streams from the integrated cross-switching unit B. In a different system, 
the line unit or the data service processing unit can determine the signal is normal or wrong at its receiving end by itself 
and select the normal one. Here the breakdown includes: performance deterioration or alarm of virtual container 
overhead detected by the mapping/de -mapping module in the integrated cross-switching unit, performance 
deterioration or alarm in encapsulation detected by the encapsulation/de-encapsulation module, performance 
deterioration or alarm of data frames detected by the packet scheduling module, and failure of circuit such as unit 
power supply, clock etc. 

[0041] When 1:1 protection is provided, the service received, processed and transmitted by the integrated cross- 
switching units A and B are different from each other when they work normally, and moreover the service possibly has 
priority. When one of the Integrated cross-switching units A and B goes wrong, supposing the faulted one is A, then the 
integrated cross-switching unit A reports to the control unit, and the control unit instructs the line unit and the data 
service processing unit to switch the service as required to be protected t ransmitted to A to the service scheduling unit 
B, and the switched service possibly substitutes for part of the service being processed in B. Which service in B can be 
substituted is pre-configured, and it may be the service with low priority. In a different system, the line unit or the data 
service processing unit can determine the signal is normal or wrong at its receiving end by itself and select the normal 
one Here the breakdown includes: performance deterioration or alarm of virtual container overhead detected by the 
mapping/de -mapping module in the integrated cross-switching unit, performance deterioration or alarm in encapsulation 
detected by the encapsulation/de -encapsulation module, performance deterioration or alarm of data frames detected by 
the packet scheduling module, and failure of circuit such as unit power supply, clock etc. 

[0042] Another embodiment of the present invention provides an integrated cross-switching unit, comprising: a bus 
identification module, a high-order cross-connecting module, a low-order cross-connecting module, a high-order 
mapping/de-mapping module, a low-order mapping/de -mapping module, a high-order encapsulation/de-encapsulation 
module, a low-order encapsulation/ de-encapsulation module, a high-order packet scheduling module, and a low-order 
packet scheduling module. The structure of the integrated cross-switching unit is shown as F1G.4. The capacity of cross 
-switching is expanded through separation of the high-order and low-order cross-switching. The high-order cross- 
connecting module schedules the service as required for low-order processing to the low-order cross-connecting 
module, which implements scheduling of low-order service, and scheduling the service as required for packet 
scheduling to the low-order mapping/de-mapping module. And the service is in turn processed by the encapsulation/de- 
encapsulation module and/or the packet scheduling module. The high-order cross-connecting module implements 
scheduling of high -order service, and the particular procedure of scheduling is as the same as the procedure 
implemented by the structure in FiG.2, which will not be repeated here. For SDH and SONET, high-order service and 
low-order service have different definitions, and in general, the high-order service includes speeds of VC3 and VC4; 
while the low-order service includes speeds of VC3, VC12, VT1.5, etc. 

[0043] With the provision of the integrated cross-switching unit, the data service processing unit can be made relatively 
simple, i.e.. only adaptation between the service and the backplane packet bus and addition of label information as 
required for switching should be implemented. While the complicated service scheduling function, encapsulation 
function and mapping function are implemented by the integrated cross-switching unit. The block diagram of the data 
service processing unit is shown as FiG.6. In different applications, other complicated functions can be added in the 
data service processing unit. 

[0044] Here the data service processing unit includes but is not limited to Ethernet service processing unit. SAN service 
processing unit, ATM service processing unit. FR service processing unit. POS service processing unit, etc. 

[0045] The above description is preferred embodiments of the present invention, but does not intend to limit the 
protection scope of the present invention. It is apparent that various modifications and substitution disclosed within the 
scope of the present invention by those skilled in the art should be within the disclosed scope of the present invention. 
Therefore, the protection scope of the present invention should be defined by the appended claims. 
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Integrated cross switch unit and service sciieduiing method thereof 

The EPO does not accept any responsibility for the accuracy of data and information originating from other authorities 
than the EPO; in particular, the EPO does not guarantee that they are complete, up-to-date or fit for specific purposes. 

Claims not available for ON 16331 03 (A) 

Claims of corresponding document: EP 1699153 (A1) 

1. An Integrated cross-switching unit, which Is used for SDH system comprising an SDH line unit and a data service 
processing unit, comprising: 

a bus Identification m odule; 

a cross-connecting module; 

a mapping/de-mapping module; 

an encapsulation/ de-encapsulation module; and 

a packet scheduling module; wherein 

the bus identification module transmits the data service and/or TDM service from the SDH line unit to the cross- 
connecting unit and transmits the data service from the data service processing unit to the pacl<et scheduling module; 
the cross-connecting module implements cross-scheduling for time slots of the TDM service, and schedules the time 
slots corresponding to the data service from the SDH line unit to the mapping/de-mapping module; 
the mapping/de -mapping module receives data frames from the cross-connecting module, and implements mapping for 
the data from the encapsulatlon/de-encapsulatlon module; 

the encapsulation/de-encapsulatlon module receives the data frames from the mapping/de -mapping module, 
implements data link layer de-encapsulation, and encapsulates the packets from the packet scheduling module; 
the packet scheduling module receives the data packets from the encapsulation/de-encapsulation module and/or the 
bus identification module to implement label-based packet scheduling; transmitting the scheduled data to the data 
service processing unit via packet bus or to the SDH line unit via the encapsulatlon/de-encapsulatlon module, the 
mapping/de -mapping module and the cross-connecting unit in turn. 

2. The integrated cross-switching unit according to claim 1, wherein a plurality of physical channels are configured 
between the mapping/de -mapping module and the encapsulation/de-encapsulatlon module, and between the 
encapsulation/de -encapsulation module and the packet scheduling module. 

3. The integrated cross-switching unit according to claim 2, wherein the plurality of physical channels are configured 
with different encapsulation protocols respectively. 

4. The integrated cross-switching unit according to claim 2, wherein for the GFP frames from different physical 
channels, the encapsulation/de-encapsulatlon module finds CiD field in the extended header of each GFP frame and 
directly forwards the data frame with the CID field Into the corresponding physical channel. 

5. An Integrated cross-switching unit, which Is used for SDH system including an SDH line unit and a data service 
processing unit, comprising: 

a bus identification module; 

a high-order cross-connecting module; 

a high-order mapping/de-mapping module; 

a high-order encapsulation/de-encapsulatlon module; 

a high-order packet scheduling module; 

a low-order cross-connecting module; 

a low-order mapping/de-mapping module; 

a low-order encapsulation/de-encapsulation module; and 

a low-order packet scheduling module; wherein 

the bus Identification module transmits the data service and/or TDM service from the SDH line unit to the high -order 
cross-connecting module, and transmits the data service from the data service processing unit to the high-order packet 

scheduling module; 

the high-order cross-connecting module schedules the service as required for low-order processing to the low-order 
cross-connecting module, implements cross-scheduling for time slots of high -order TDM service, and schedules the 
time slots corresponding to the high-order data service from the SDH line unit to the high-order mapplng/de -mapping 

module; ^^^^ . 

the low-order cross-connecting module Implements cross-scheduling for time slots of low -order TDM service, and 
schedules the time slots corresponding to the low-order data service from the SDH line unit to the low-order 
mapping/de -mapping module; ._. ^ ^, ^ 

the high-order and low-order mapping/de -mapping modules receive the data frames from the high-order and low-order 
cross -connecting modules con-espondingty, and implement mapping for the data from the high-order and low-order 
encapsulation/de -encapsulation modules respectively; 

the high-order and low-order encapsulation/de-encapsulation modules receive the data frames from the high-order and 
low-order mapping/de -mapping modules correspondingly, implement data link layer de-encapsulation, and encapsulate 
the packets from the high-order and low-order packet scheduling modules respectively; 

the high-order packet scheduling module receives the data packets from the high-order encapsulatlon/de-encapsulatlon 
module and/ or the bus identification module and implements label-based packet scheduling; transmits the scheduled 
data to the data service processing unit via packet bus or to the SDH line unit via the high-order encapsulation/de- 
encapsulation module, the high-order mapplng/de -mapping unit and the high-order cross-connecting module in turn; 
the low-order packet scheduling module receives the data packets from the low-order encapsulation/de-encapsulation 
module and implements label-based packet scheduling; transmits the scheduled data to the SDH line unit via the low- 
order encapsulation/de-encapsulation module, the low-order mapping/de-mapping unit and the low-order cross- 
connecting module in turn. 

6. A service scheduling method Implemented by the integrated cross-switching unit of claim 1, comprising the steps of: 

A) a bus identification module transmitting the data service and/or TDM service from the SDH line unit to the cross- 
connecting module, and going to step B) ; transmitting the data service from the data service processing unit to the 
packet scheduling module, and going to step G); . 

B) the cross-connecting module implementing cross-scheduling for time slots of the TDM service, and transmitting the 
scheduled data to the SDH line unit; or scheduling the time slots corresponding to the data service from the SDH line 
unit to the mapplng/de -mapping module, the encapsulation/de-encapsulation module receiving the data service from 
the mapping/de -mapping module and transmitting the data service to the packet scheduling module, and going to step 

C) ' 

C) the packet scheduling module implementing packet scheduling for the data service; transmitting the scheduled data 
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to the data service processing unit via pacl<et bus, or to tlie SDH line unit via the encapsulation/de-encapsuiation 
module, the mapping/de-mapping module and the cross-connecting module in turn. 

7 The service scheduling method according to claim 6, wherein the bus Identification module reports the slot number 
corresponding to the data service processing unit and unit type of the data service processing unit to the control unit via 
the data service processing unit, and Identifies the type of the bus connected with the processing unit as backplane 
packet bus. to identify service source. 

8. The service scheduling method according to claim 6, 

wherein the SDH line unit and the data service processing unit copy the service to a first integrated cross-switching unit 
and a second integrated cross-switching unit which have the same function and structure to implement the same 
service scheduling procedure; if the first integrated cross-switching unit and the second Integrated cross-switching unit 
are both normal, the SDH line unit and the data service processing unit receive the same service streams from the first 
integrated cross-switching unit and the second integrated cros s-switching unit , and select either of them to implement a 
processing based on the service streams; if either of the first Integrated cross-switching unit and the second integrated 
cross-switching unit goes wrong, the faulted integrated cross-switching unit reports to the control unit, and the control 
unit instructs the SDH line unit and the data service processing unit to select the service stream of the normal 
integrated cross-switching unit. 

9. The service scheduling method according to claim 6, 

wherein the SDH line unit and the data service processing unit copy the service to the first integrated cross-switching 
unit and the second integrated cross -switching unit which have the same function and structure to implement the same 
service scheduling procedure; the SDH line unit and the data service processing unit receive the same service streams 
from the first integrated cross-switching unit and the second Integrated cross-switching unit , determine whether t he two 
sen/ice streams are normal, and select either of them and implement a processing based on the service streams if the 
two service streams are both normal; if either of them is abnormal, select the normal service stream. 

10. The service scheduling method according to claim 6, wherein the SDH line unit and the data service processing unit 
allocate the service to the first integrated cross-switching unit and the second integrated cross-switching unit which 
have the same function and structure to Implement service scheduling; if the first Integrated cross-switching unit and the 
second integrated cross-switching unit are both normal, the SDH line unit and the data service processing unit receive 
the sen/ice streams from the first integrated cross-switching unit and the second integrated cross-switching unit to 
implement a processing based on the service streams; if either of the first integrated cross-switching unit and the 
second integrated cross-switching unit goes wrong, the faulted integrated cross-switching unit reports to the control 
unit, and the control unit instructs the SDH line unit and the data service processing unit to switch the service allocated 
to the faulted integrated cross-switching unit to the normal Integrated cross-switching unit. 

11. The sen/ice scheduling method according to claim 6, wherein the SDH line unit and the data service processing unit 
allocate the sen/ice to the first integrated cross-switching unit and the second integrated cross-switching unit which 
have the same function and structure to implement service scheduling; the SDH line unit and the data service 
processing unit receive the service streams from the first integrated cross-switching unit and the second Integrated 
cross-switching unit and determine whether the service streams are normal; if either of the service streams Is abnormal, 
switch the service of the integrated cross-switching unit corresponding to the abnormal serv ice stream to the normal 
integrated cross-switching unit. 

12. The sen^/ice scheduling method according to claim 9 or 10, wherein the service allocated to the first integrated cross 
-switching unit and the second integrated cross-switching unit has priority; when either of the Integrated cross-switching 
units goes wrong and needs service switching, the high-priority service can substitute the low-priority service under 
processing. 
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